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CTAaOWJIbHBIM =MposyKT 


B moto ctaTbw, nmomenjennyo B JAH, r. 121, Ne 5, 1958 r. (Jl. A. Py tHuxK «K apud- 
MeTHKe MaTpH»), HeEOOXOAHMO BHECTH CJIeAVIOlHe HCMpaBJIeHHa: 

Ha ctp. 787, crpoxa 19, HameyaTaHo «He MeHbIIMX», CJleqyeT YHTaTb «MeHbIUHX). 

Ha crp. 787, ctpoxa 17 cuM3y, HaneyaTaHo jAo (mz, 7) v= Ao(p,e), cleayeT WHTATb 
p-Ao (zx, e)v = Ao (z, e). 

Ha ctp. 788 B dopmy.ax (9), (41) u (13) Haneyatano ll, cule yeT YHTATb 2317), 

Ha ctp. 789, dopmysa (15), Haneyarano Cy (m, e), CllehyeT 4WHTaTb Cy (e4, eA), 

Ha crp. 789, crpoxy 16 cHusy caeqyer uNTaTb 


ayy", 84) = J a, (cy!"1)4, (ly). 
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MATEMATHKA 


JI. A. AM3EHBEPr 


O IIJIKOPHFAPMOHMYECKHX ®YHKILWAX 


(ITpedcmaeaeno akademuxom M. A. Jlaspenmoceoim 20 X 1958) 


|) Mbt vaspipaem nuOpwrapMoHHuYecKkOH PyHKUUMeL JelicrBsHTeMbHYIO 
WiacTb aHaJiMTHueckOH CyHKUMH  KOMMVJICKCHBIX NepemeHHbix. HyKe uccuie- 
glyeTca BoMpoc 06 ycsOBAAX pa3peluMMocTH 3aqaun J[upuxne B Ksacce MOpH- 
(apMOHMYeCKUX (PYHKUM HW O XapakTepHcTuyeCKHX CBOMCTBAX 3TUX (byHKUMii. 
His MpocTorbl n3viowKeHve BeLeTCH WA clysad ByYX KOMIMVJICKCHbIX TMepemeH- 
JabIX, T. €. JIA OnurapMoHMuecKHX (pyHKUUi. 

Ilyctb D — yBoxKoKpyroBat oO6slacTb C WeHTpOM B TouKe (0, 0)GD_ npo- 
|CTPpaHCcTBa KOMMVJICKCHbIX MepeMeHUbIX (Ww, Z), TpaHHla KOTOPO Bax Tb! Herpe- 
|pbIBHO AudpiepeHunpyeMa MW aHaJIMTHUeCKH BBIMTYKJIa M3BHe, MpwueM KpHBas 
|w!— D()2|), coorsercTByloulad B «aGcOMIOTHOH UeTBepTbIJIOCKOCTH» rpaHH- 
je D, BpinyKsa. O6sactb D MoxKHO 3afaTb Kak O6WIaCTb, OrpaHWwueHHylo He- 


JaHasMTuyeckou runepmopepxuocthio |w| = 7, (t), |z|=7re(t), O<t<1, rae 
= 


r1(0)=0,0<r, (2) <2, (1) <0e, a(t) =exp[—| 


Tv 


<< din 1, (2)| (). 
0 

JiemmMa 1. Ecau F (r,(t)e?@, rg (t) e(&-)) — deticmeumeronaan Henpepels- 

Has MYNKYUA, 3a0aHHAA Ha epanuye o6aacmu D, mo uxmeepaa ITyaccona — 

Temaskoea I poda (*) 


om om : i 

1 a eh (Lip) Fru (a) eo ra) en) re 

AD, 2) = Ga \dt\de \ 1 +p? — 2p cos (Q— 9) a, en 
0 


é w zelt 
FA ES aT ln a Nord ar ea 


npedcmabasem codoti OueapmoHude- 


exyio @ynkyuro @ D, nenpepolenyto 6 3amKHymoit o6racmu D. 

TIpa qokasatempeTBe semMbl | ucMouIbsyetca TOT thakT, UTO eCJIM O{) — 
rapMouHueckad (yHKuMA B Kpyre |u|<1, TO oHa ABuaercH pH uKcHpoBaH- 
HBIX (t, t) OvrapMonuueckol (pyHKIMeli MepeMeHHEIX (Ww, Z) B OOWJACTH DD, ato 
mpOBepxeTcaA HeMOCpeCTBCHHBIM BbIYHCJICHHeM. 

JlemmMa 2. IJIpedea nocaedosamenbxocmu OueapmoHUu4ecKUux ynkuutl, 
paenomepHo cxodsuyetica enympu oOAacmu C, ecmb Qynkyus, Oueapmonu4e- 
cKkaa 6 C. 

Tloka3aTeJIbcTBO JIeMMbI 2 NpOBOAUTCH Tak Ke, KaK JOKAa3aTe/IbCTBO aHaJlo- 
rMuHOrO MpeOKeHHA JIA TapMOHHYeCKHX cbyHkuni (°). 

Teopema 1. Ecau F —0deticmeumeaonan ynkyua, cymmupyeMaa Ha 
epanuye obaacmu D, mo uxmeepaa IIyaccona — Temaaxoea 1 poda (1) npeo- 
cmaeasem coboti ynkyuto, OueapmonudecKyt0 6 obaacmu D. : 

JlokasatTesibcTBO BbITeKaeT H3 JIEMM 1 u 2 u “3 Toro, 4TO KJacc (yHKUMH, 
HenpeppiBnbix Ha [—rpanule o6sacTH D, Bciojly W10TeH (B CMbICJIe CXOJMMO- 
cTH B cpejHem B L’) B MpocTpaHcTBe (byHKUMii, CyMMupyeMbIx Ha I’. ' 

Ha [ MoxkHO 3aJ[aTb eCTeCTBeHHBIM OOpa3s0M TpeXMePHYIO Mepy | )s 
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BpeyemM cJleqyroulve o6o3HayeHua: J [f (w, z)) = f+ xf. + yf, + Maha 


JET Hint re w—x Si Ly, z= xy ae (Y4; L [7 (ry (t) u, fe (t) Her s)| = / “als Ufo 
aU tS, ’ 

‘ Me ae Fs oF nae p (u) — eapmonuueckan dyHkyua 6 Kpyee lit <ohe my 
cyusecmeyem SE aaa eapmonudeckan 6 Kpyee |u|<cl ynKyuan OD (uj 
4 ==/,[P]. 1} 

Mike eee ae JieMMbI 3 HCHoJIb3yeTcs (popmyvia J; [Re b] == Re (> + ud’)if 
rye > (u) — npouspouIibHaa (PyHKUHA, aHasIMTHYeCcKad B Kpyre Jul< i 
Teopema 2. J[na mozo «moot oepanusennan na T deucmeumenonas . 
dynkyuan F (ry (t)e@, re (t)e2—) coenadaaa noumu ecrooy (6 CMbICAE MEPOl [Lh 
C YERO6UIMU ePAHU4HoIMU 3HA4eHUAMU HeKOMOpOli O2panu4eHHotl oueae a 
ueckou @ D gbynkyuu, neoOxodumo u Oocmamo4Ho, 4mobol noumu @ KarxOOL: 
mouke epanuyot Y umena mecmo caedymwan dopmyaa: 


OZ) = oe \ ai \E (ry (t) U, Te (t) ue—*) de, (2) 


ede F (ry (t) u, re (t) ue—*) — bynkyuaA, eapMoHuuecKaa u oepanuuennaas 
6 Kpyee |u|<1, npuxumawwaa nounu eciody Ha e20 epanuye SHAMEHUA | 
F (ry (t) €@, ra (t) e(8—), uw f (ry (t)u, re (t) ue—*) — dynxyua, eapmonuteckan} 
6 Kpyee |u| <1 u maxan, umo F=I|, [Ff]. 

IIpu JoKasaTestcTBe Teopembl 2 npuMenseTca unterpan (1) or F u BBISIC- | 
HACTCA, UTO BbINOJIHeHHe MouTH BclusZyY Ha TL cbopmywpt (2) HeoOxoyumMo 4 Jo- 
CTaTOUHO Jit Toro, uTOObI (byHkuuA f (Ww, Z) 43 (1) copnagana BD c (PyHK- | 
uweH [| (W, 2) us (2). Sarem emaetca Mepexoy oT dyHkKuUH / kK dyHkunu F. 
Hcnompsyiotca HeKoToppie cBolictBa Mepbi yu. (4). . 

Cneyctsue 1. Jina toro uTo6p HempepbiBHad Ha lL’ jelcTBuTebHaA 
(pyHkuua F mpencrapiana codoti TpaHHUHble 3HAYeHHA HeEKOTOPOH (byHKUMH, 
Ourapmonuyeckoh B D u HempepbiBHoii B D, HeoOXOJHMMO HW JOCTaTOUHO BBI- 
NowHeHKe (hopMysbI (2) B KaxOH TouKe rpanuub I. 

Ompegenenue 1. Tycts (ry (t)e@, rp (t) e(@—)) _. neficrBuTembHaa 
(PyHKUMA, OnpeyqeneHHad nu orpaHnuennas ua I’. Tlocrpoum orpanuyuennyto pyHk- 
WMO Pry (t)u, ry (t)ue—*), rapMonwueckyio B Kpyre |w;< 1 4 npwHuMatoutyio — 
Ha ero rpawuue (nouTH Bcloqy) sHayeHua $(r,(c)e2, rz (t)eX2-)). Thyers | 
¢=/,[¢]. Ecam 9 orpanuyena Bp D, to yHKumo (7, (zt) e, rs (t) e(Q—2) 
HasOBeM TaPpMOHHYeCCKM OrpaHHueHHOH wa IT: ecau ~ HelpepbiBHa 
B 3aMKHyTOH oOnactH D, To dyHKUHO p HasSOBeM TapMOHHYeCKH He- 
IpepbliBHOu wa YT, 

Teopema 3. JIna moeo umob6e eAPMOHULECKU Oepanudennaa Ha T 
pynKyun f (ry (t) e2, rz (c) e(@—)) coenadaaa noumu ecrooy C Yeroésolmu epa- 
HUMHOIMU SHAXEHUAMU HeKOMOpOlL CepaHUUeNHoti 6uzapmonueckoti @ D ynk- 
yuu, HeEoOOxodumo u Jocmamo4Ho, umo6el noumu @ Kanxcooti mouke LT umeara 
mecmo dopmyaa (2), ede f(r, (t)U, z(t) ue—*) — eapmonuueckaa u 0epanu- 
“eHHaA 6 Kpyee |u| <1 gyxKyua, MPUHUMAIOLAA Noumu BcOOY Ha eeo e2pa- 
Huye sHaveHuA f (ry (t) ee, ry (t)e(Q—D), y F =I, [f]. 

HokasateibcTrBo Teopemb! 3 BbITeKaeT 13 Teopempr 2. 

CuexctBue 2. Jina toro ut06n TapMOHHYeCKH HeMpepbiBHad Ha |’ dbyHK- 
ust f (ry (t) e’?, ry (ct) e2—)) copnanana c 'paHHYHBIMH 3HaYeHHAMH HeKOTOpO!i 
(byHKuMH, Ovrapmonuueckolt B D y HeMpepbIBHOH B 3aMKHYTO O6macTH D, He- 
OOxouMO 1 AOCTATOYHO, UTOObI B KaxK JOH TouKe T ymMena mecto (bopmyvia (2); 
re f (ry (t) u, ro (t) ue—*) — TrapMonnueckas B Kpyre |w|< 1 dyyKuna, npn- 
HMMalollad Ha ero rpaHule 3HaueHua f (rx (t) e2, ro (x) COD) ao Freee ie 

SamMeuaune 1. Teopema 2 y culeqcTBHe | HaksaybrBaloT Ha 3aaBaemMylo 
Ha TI tbyuxuuto 6onee culaOble orpanuueHus, em Teopema 3 uw cuegcrBHe 2, 
HO MocNeqHHe Coulee yAOOHEI AIA NPHJOXKECHUH (CM. Teopembl 4 u 5), 

aMe¥aHHe 2, B NPHBeCHHBIX pe JWIOXKeCHUAX HaleHb! ycslOBusa pa3- 


PelvMMOcTH 3anaum Jlupuxme B Kmacce OurapMonnyeckux dyHKuMH gaa Bcell 
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| oo o6mactu D. Jo cux nop Takve ycoBHs WIM Obl O4eHb CJOxKHET (°,°), 

JM ObIJIM WSBeCTHBI JIMIUb J\JIs| [BYMePHBIX “HCKJIOUMTEJIBHBIXY YacTeH TpaHHll 

eKOTOpbIX OG6slacTeli (° “). 

t Teopema 4 (I XapakTepucTuyecKkoe cBOHCTBO 6urapMoO- 
‘MuecKkHx dyuHKiwun). Mycmo f (w, z) — deticmeumeaonaa, nenpepoieHo 


Judgepenyupyeman @ obaacmu D qdynxkyua u F==({f). aa moeo «moder 
WOYHKYUA ie 6olva =Oueapmonuueckoti @ D, Heodxodumo wu Oocmamo4no 
mo6ol ecrooy edympu D 6elaa cnpaeedauea gopmyaa : 
27 il 2 
2Q 5 i(Q > ai j 
i (ry (tq) Ref2e, re (t) REX) — Te \ di \ds \ PA, (x) 11, 72 (=) me) da, (3) 
’ 0 0 0 
WauunaAa c Oocmamo4Ho Manwlx fr, 20e m=uU+ ja MOE) AN a ge a 
21 == keto ; = r1 (To) a voor (to) ei{t—t, ‘ 
| sl eae Ur Se + (1 —7) are) eles). 
q Teopema 5 (Il Xa pakTepucTHYeckoe CBOHCTBO OurapMo- 
duueckuXx dyukunn). Tycme f (w, Zz) — Oelticmeumerbnan, HenpepbleHo 
bIuddepenyupyemaa @ ob2acmu D dynxyua u P= [fl]. aa moeo «mobet 
pynxyua f Oblaa Gueapmonueckot @ D, HeoOxodumo u OocmamouHo, umobot 
3crody exympu D Oolaa cnpaeedauea dopmysa 


QT 2m 1 

UF (ra (69) Ms Fa (9) nem) dan = \ dt \ F (ry (=) uy ra (t) wert) de, 

0 0 0 
nHauuHan C docmamouno manelx r, 20e n= kei%+re*, OC R< 1, r > 0, 
Miia) go ce ae Eo: my ado), pitt, 
u = ke'2p, p= 7% a(n) ae eilt—to), 


iit (t) 
__ JloxasatesbeTBo Teopem 4 u 5 onmMpaercs Ha cwleACTBHe 24 Ha XapakrTe~ 
pucTuyeckoe CBOHCTBO TapMOHHYeCKUX (byHKIMM =OHOrO KOMMMVIeKCHOrO Tepe- 


mMenuoro (°). 
3ameuanne 3. @opmysa (3) uMeeT mpocToH reOMeTpHYecKHH = CMBICI: 


WHTerpHpoBaHHe onepatopa /[f] mpousBo_uTcA No rHuMepnoBepXHOCTH, OrpaHi- 
quBalolleli HeKOTOpy!lo «TpyOoBHAHYy!O» OOwacTb. 

3ameuaunue 4. Tompaysch TeopemMamu 4 4 5, MOXKHO AaTb KpHTepHn Ou- 
/TapMOHMYHOCTH HelpepbIBHO muddbepeHuupyeMoH PyHKIMH B mo6on o6sactH C, 
| paccMaTpHBax B KaxKOH TOUKe C cooTBeTcTBYIOWIve MBOAKOKpyroBble OKpecT- 
HOCTH, BbIOOP KOTOPbIX  oOlpeyesneTCH BbIOOPOM MpOHSROJIbHOK (pyYHKILHA 
(71 (t), MOQYHHeHHOM JIMUIb CJleAyIOMM Tpe6oBaHHAM: fy (Ove= 0,0 7) ) 0; 


nit) 


ma 0) 
3ameuaunue 5. B cayyae OAHOrO K 
u 5 jaloT XapakTepHcTHyeckHe CBOHCTBA 
oT oOmlev3BecTHOrO XapakTepHCTH4eCKOro 


“Taycca (*). 
3ameuauHne 6. Bce cojlepkaHve HacTOsIeH SaMeTKH coxpaHseTcA U 


TOM csryyae, ecu O6nacTbIO D ABAAeTCH Gunusunap |w| <1, |z|<l. Ho 
_veopembl 4 uw 5 NpHHMMatoT B CuJyuae 6uunsMA pa HavOovIee CJIOMKHBIH BHA, 
TO ABJIAeTCH HeOOBIYHBIM JIA TeOPHu (pyHKIWMit MHOPHX KOMIMVJICKCHBIX  TIepe- 


L 


oMislekcHoro MepeMeHHoro TeopeMb! 4 
rapMOHHYeCKHX (pyHKUMH, OTJIMUHbIC 
cBolicTBa 3THX (PyHKILMH — TeOpeMbI 


| MeHHBIX (°). 
| Buipaxato rlyOoKyio OsaroqapHocth npop. A. A. TemuIatkoBy. 
| Mockoscekuit o6slacTHOK negarormuecKHit WHCTHTyT pee 


um. H. K. Kpynckou 
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M. A. BAPTOLUEBKYY 


NJIOCKO-NAPAJWJIEJIBHBIE TKAHH rHMEPMOBEPXHOCTEH 
(IIpedemaeneno axademuxom IT, C, Anexcandposoim 14 X 1958) 


1. p-TKaHbIO B MpocTpaHcTBe Nn usMepeHuit (mpH p >) Ha3plBaeTcs COBO+ 
KYMHOCTh p CeMelicTB THMepmOBepxHOcTeH, kaxKLoe W3 KOTOPbIX 3aBHCHT OT 
OHOrO MapaMeTpa. p-TKaHH, MepeBoauuecd Apyr B Apyra TovedHbIMH Mpe- 
o6pa30BaHuAMH GecKOHeTHON aHasMTMYeCKOM TPpyYIIibl, HaSbIBAaIOTCH 3KBUBA- 
JICHTHBIMH. p-TKaHY, SKBHBaJICHTHbIe p CeMelCTBAM MapaJJIeJIbHBIX TumMep-} 
MmslocKocTeH, Ha30BeEM MWOCKO-MapaJJeJbHbIMH. 

Tlnocko-napaJJlesIbHbIe p-TKaHH w3ydaHcb Buse (*) HM ero yueHHKaMH 
(1A pasJMGHBIX WHCHOBbIX 3HaueHu nu p). JIMOep (7) Mowyan HAHBapHaHT-| 
HbIM MpW3Hak MJIOCKO-MapaJIJIe@JIbHbIX P-TKaHel AIA a= De 

B wactTosmleH 3aMeTKe JlaeTCA HHBapHaHTHbI lpw3Hak RUocKO Tapa a 
HbIX P-TKaHell B fN-MepHOM IIpocTpaHcTBe JIA MpOH3BOJIbHBIX 1 HW p. Pa6dota 
BBINOJHeHa MPH MOMOLWM UHBapHaHTHOrO MeTOJa HcCeqOBaHHA MOrpyXeHHbIx 
Muoroo6pa3nit, pasputoro T. @. Jlantespim (°, +) aw A. M. Bacusbesnim (?). 

2. PaccMoTpHM npocTpaHcTBo mpeycTaBJieHHA OecKOHeYHOH aHaJINTHUeCKON 
rpynnp (°), TOUKAMM KOTOPOrO ABJIAIOTCA epBble WHTerpaJibl BMOJIHe WHTe- 
rpupyeMoH CHCTeMbI HHBapHaHTHbIX (popM ’. CTpyKTypHble ypaBHeHHA as | 
MHBapWaHTHBIX (OPM HCXOAHOM TpyMNbl H ee HOPMAJIBHbIX MpOOJDKeHHH HMEIOT | 
BU 

Dees [olor i paki ee eee ere) 


Doo? = [olot] + [o/o%]. (1) 


B PpaCCMaTpUBaeMOM IIpOCTpaHCTBe MbI OllpeyeJIHM P-TKaHb YpaBHeHHAMH 


Mot=0 (a,8 =1,2,..., p); (2) 


Ka?KO€ H3 KOTOPbIX BMOJIHe HHTerpupyemo. 
YcOBMAMH MONHOM MATerpupyeMocTH Kax%K oro u3 ypaBHeHMii (2) aBsISIOTCA 


AM — Moi TOR = M4 o!, Tea = 0, (3) 


rye §— Hoppe mpadposbt (popMbl, KOTOpbIe MBI B JaJIbHelwemM HcKJIOUNM. 
3. Ilyctb cneppa p=n-+1. Baegzem Hospie MI€PCMeHHbIe, MOJIOXKUB 


a 


a Ja a 
Re = he 
Va...arH 
p 


rye a” — MMHOp N-TO NopsyKa MaTpHubt |} dé || 
mepom B. Torga cucrema (3) npumet BHI 


, (4) 
» He COsepxalieH CTpOKH Cc HO- 


OA Rh 1 
Ane = dhe — Moe + — DG (WL +... + of) = rahe, ee 
Ta cucrema 
o6pa3sni, 
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WuphepeniwasbHbIx ypaBHenuit ompeyeseT CHCTeMy MHOrO- 
HOPPy2KCHHBIX B MIPOCTPpaHCTBO MepBbIx MATerpasIOB CHCTeMbI (opM 


3 a 
q’> Ans. Ira CHCTe€Ma Oy eT MpaBHJIbHO NpOJOJLKaeMa OTHOCHTeJIbHO (bopM 
a TlepBoe MH BTOpoe NpoOJOJKeHHA NPHBOAAT K ypaBHeHHAM 


Ci a a F odes eh 1 (od 
Akar = Aer — M0] — Ne + > hel (yee Or) —= Na, ae 


4 a 2 n a E 
Foo he (@ie + + + Onr) = hero’; (6) 
i Ora pew a % Z a Z é 1 
Akrip = Daip — herp — Neip1 — Nipoe + = help (ap... of) — 
m Ei (ou. ah On Ae 1 , 
— Kit@pp — deiM1p — KipOer + i het (@ip +... -+ @np) 4 


a (wo; —- nh Ne L 4 a 1 n od q 
7 Neo (Miz + -- » + @nz) — i %RIp + > he (@rip + +» - + Ontp) = Merpq". (7) 


4. ByeM CrpoutTb reomMeTpwyueckve OObeKTHI, OXBAYeHHbie (pyHJaMeHTasb- 


(jabimu OObeKTaMH dy, Kev, ezp- 


Besa 
Yo ORE n) 
Aj AS ea KG Nie Oe Maas En])» 


cf ese, ee aay (8) 


i i) 
Ain. i a KG hig tire Nino in]) 


a} 
Nic 


YHOBJIETBOPAIOT CHcTeMe yudppepeulMaJbHbIX ypaBHeH 


a ii 1 n Ll Pp 
ae. Aura (wy, se Wn) Ai,... inp® » (9) 


|) Cle qOBaTeJIbHO, ABJAIOTCH OTHOCHTCJIBHbIMU TeH30PpaMH. PaBeHcTBo HYyJIO STUX 


' TEH3O0POB JOJIZKHO WMETb MHBapHaHTHbli CMBICJI, JIA BbINCHEHHA KOTOPOTO MBI 


} BOCHOJIbSYEMCH YOJIOHOMHbIM KAaHOHHYeCCKHM PpellepoM, ONpeeJIHeMbIM PpaBeH- 


| CTBAMH 
N=0 (i= )), w! = du’. (10) 

'B 9Tom penepe npu Aree = 0 cnuctema (2) NpHBOAHTCA kK BHAy 
Mdut =0,...,Midu"=0, Mo, (u‘) dué = 0. (11) 


HenocpeycTBeHHO BHZHO, UTO ypaBHeHHs (11) onpegemsI0T p-TKaHb, 9KBHBAa- 
JI@HTHYIO MVJIOCKO-NapaJJebHOH p-TKaHu. Ilomyyaem cCuJlefylollyio Teopemy: 

Teopema 1. Jaa moeo umobol p-mKaHb 6 f-MepHomM Npo-mpancmee npu 
p=ntlun>2 6olna aKeusaneNnmHa NACCKO-NapaAAeAbHOU P-MKAHU, He- 
o6x00UMO U OocmMamo4HO Obpaiyenue 6 HYAb BeAu4uUH (8), mM. e. 


L 
Ai,... in = 9- 


5. PacemorpuM Tenepb cstyyait npousBosbHOro p. BBeqeM HHeKCbI t = 12 ee 
ee a eer Ue 
2 ; Seok s . 
O6o3HauHM MHHOp MaTpHUDI || Ag ||, COMep2alHH 11, fg,-.+, %n CTPOKH 9TOH 
MaTpHubl, yepes a’, PaccMOTpHM BeJIHYHHbI 


Ki A A “A “a 
pt Nscees ty Lsoees RAs & , GREP: -000T, Leary By MTA (12) 


¥ nan 
Bo RD scees Medoveny BL MAL | GRAB ot Line by & 


~ 


Kaxkjlaaq u3 93THX BeJIMUHH Oy ylopsleTBopseT LudepenivaJbHOMy ypaBHeHHt0 
db« — bro, (13) 

k ki 
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CJIETOBATeIbHO, ABJIACTCH a6cOJIIOTHbIM WMHBapHaHTOM. BewmMuuubl 
b. (1 
ki 


ABJAIOTCA aOCOJIOTHBIMH TeH30paMH. 
Teopema 2. J[aa mozo umobol p-mKaHb 6 N-mMepHOM NpocMpaHcmes 


npu n>2 Ovlaa aKeueaAeHMHA NAOCKO-NapaAseAbHou P-MKAHI, HeOOXOOUM 
u Oocmamouno obpatuenue 6 nYyAb eeauaun (8) u (14), m. e. 


l = oa 
Aes ce 0, Of “<2 0. 


n 


Jins (oKa3aTebCTBa BOCTIOJb3yeMCA TOJIOHOMHBIM KaHOHKYeCKuM perepoo (10) 
B 9rom penepe mpH b% = 0 cuctema (2) mpHBosuTca K BUY 
L 


Mid) = 000, , Nida Oy ai ee (15) 
CEE! = 0 caer Cn = Ore Ce = const. 
IIpu Area = 0 un >2 cnctema (15) upuBoquTcaA K BUY 
Ndul =0,...,Midur=0, Mo,(u’) dui = 0, (16)| 
MC? (ué) dui = 0,..., MCPo,(u‘) du’ = 0, rae C= const. 


HenocpeycTBeHHO BUAHO, ITO ypaBHeHHA (16) onpewemaioT p-TKaHb, 3KBHBA- } 


JICHTHYIO IVJIOCKO-MapaJJIeJIbHOH p-TKaHH. 
i 
Sameuaune 1. IIpH n=3 orsocntembuble TeH30pbl Aj,..;, mpeBpa- 


l 
flarloTCH B OTHOCHTeJIbBHBIC HMHBapHaHTbl A , YHOBJeTBOPAIOULHe YDaBHeCHHAM 


GA! 251 /p Ab Wh tee) eee (17) 


Sameuaune 2. IIpxy n= 2 Tex30ppl b%) IpHHAMaloT BH Oy. 


6. B cnyyae n= 2 He BCe H3JIOX%KeHHHIe paccyxXeHHA mpoxo_aT. BBezem | 
BeJIMUHHY | 


A= dys + ad Eg a (18) 
Ona yyoBuerBopseT AudbepeniuasbHoMy YpaBHeHHIo 
dA = A(ot+ a?) + Aw’, (19) 


CNENOBATCJIbHO, ABJIA€TCH OTHOCHTCJIBHBIM MHBaPpHaHTOM, PaBeHCTBO KOTOpOrO 
HyJO JOJDKHO HMeTb HHBapHaHTHbIi CMbICJ. 

Teopema 3. J[aa moeo umo6ei p-mKaHe 6 OsymepHom npocmpancmee 
Oolld AIKEUBANCHMHA NAOCKO-NapaAAeAoHOli P-mMKAKU, HeobxoOUmMO u Oocma- 
mo4Ho oOpaujenue 6 KYA’ Beauuun (18) u (14) m. e. 


Se ew 


B 3akloveHHe MpHHOLy riy6oKyi0 OmarofapHocTb mpodp. T. @. Jlantesy 
3a PYKOBOACTBO HW NOMOLIb B pa6bore. 


Mockoscknii rocyjapcTBeHHEtit yHUBepcuTer Ilocrynuso 
um. M. B. JlomoHocosa 9 X 1958 


IMTHPOBAHHAS JIUTEPATYPA 


1W. Blaschke Einfiihrung in die Geometrie der 
; Waben, Basel, 1955. 2A. E. 
ans 6e yee CemuHapa lo BeKTOpH. M TeH30pH. aHalu3y, B. IX (1956). 2 Tans ihaw 
: aoa : ae Ne2 (1951), 4T. ® Jlanrtes, Tp. Mock. matem. o6m., 2 (1953). 
a 5) He apes, AH, 79, Nel (1951), © Carta n, Oeuvres complétes, 
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Hokmzaye Akagemun nayx CCCP 
1959. Tom 124, M5 


MATEMATHKA 


B. C. BAEHCKHM 


O HEPABEHCTBAX CTHJITbECA H C. H. BEPHUITEMHA 
AJIA MHOPOUJIEHOB JIEXKAHJIPA 


(ITpedcmaeaeno axademuxom C. H. Beprumetinom 17 X 1958) 


O6os3HaumM 4epes P,(x) MHorownteHb! JlexKaHypa, HOpMUpoBaHHbIe ycsOBHeM 
Pa) = 1. Kak u3BecrHo, 
i] 


WB hcl eel cece (1) 


M, KpOMe TOTO, 93TH MHOPOWJIeHbl YOBETBOPAIOT CJIELYIOULMM HepaBeHCTBaM 
Cruuitpeca: 


: wre. ay salar (2) 


—~ 


2n 


(PSAP ayes Yee. (3) 


TouHaa KOHCTaHTa B HepaBeHcTBe (2) OblJia BMepBbie yKa3aHa C. H. Bepn- 
‘miteHHom B pa6ote('). B Troi xe cratpe C. H. BepumreliH joKa3a ene oHO 
BaxKHOe HepaBeHCTBO 
per, Oi ; 
(1 — x?)4|P,, (x)| << peal ee igh (4) 
Bpipoy, HepaBencts (2), (3), (4), manupli C. H. BepxuireitHom, ocHopan Ha 
TuddepenuvasibHOM YypaBHeHHH 


(1 — x*) y” — Qxy’ + n(n+ l)y =0, 


KOTOPOMY YOBJeTBOpsIoT MHOrouJeHbI JiexanHypa. Pelep B craTbe(*) faw 
BbIBOJ, HepaBeHcTB (2) u (3), BNpOYeM Oe3 TOUHbIX KOHCTAHT, OCHOBaHHbIH Ha 
NIpHHUMMMabHO WHOM usee, UCXOJls1 H3 BBeeCHHOTO HM B paccMOTpeHHe KvIacca 
NpOWSBOAWIMX CYHKUHH. a 
Hu 8B pa6orax WHTHpOBaHHBIX Bbillie aBTOPOB, HH B MOHOrpadun Ceré (*), 
B KOTOPOM MOAPOGHO TpakTYyIOTCH 3TH BOMpOCb!, Mbl He HaXOJMM yka3aHuli 
Ha TO, uTO HepaBeHcTBa (3) H (4) NO CyTH Mena ABJAIOTCA CieqCTBHAMH He- 
papencTBa (2), MpHueM, KaK MbI MOKa?KeM, STOT MOCJeAHHH *akT He ABJIAeTCA 
CMellHaJbHbIM CBOLCTBOM MHOroUseHOB JlexaHypa, a cmpaBeJIMB Ia Mpous- 
BOJIbHBIX MHorowleHoB R,(x) MaHHoli creneHu 7. 13 cyesaHHoro MHO}O (*) 
HeaBHO oGo6iueHuA HepapeHcTB B. A. Mapkosa JierKo BbITeKaeT CJleXYIOULAH 


pes3ysbTar. ; 
Teopema. Ecau mnoeouren Ry (x) cmeneau <n yooeremeopsem Hepaéeen- 


cmey 


2 


EN COE Ey (5) 
Je L —OanHoe noaomumerbHoe 4ucao, mo cnpasedaueo HepasexHcmeéo 


(t=) Rac) 4 Dae ie el a (6) 
973, 


JlelicTBHTe/IbHO, repenucbiIBad HepaBeHCTBO (5) B Bue 


(= RO) ye, er ( 


MbI _MO2K€M IPHM€HHTb MOIO TeopeMy 06 orpaHHyeHHu MpOv3BOAHOH (pH % = Ht 
ByaeM HMeTb 

(1 — x2) Ri (2) — 24Rn (x)| <5 [Tage (1) — Ta (1)| = 2L (0 + 1), 
rye T, (x) = cos arc cos x. 


C ypyroi croponbi, u3 HepaBeucTBa (5) cvJlegyeT (cM.(°), OTeW VI, 3am 
jaua 80), 4TO 


Rn) (SEG), a (9) 


V3 (8) u (9) HenocpeycTBeHHO BbITeKaeT TpeGyemoe yTBepxKZeHHe (6). ! 
Ec, KaK 93TO uMeeT MecTO B cJly¥yae MHoroywleHoB Jlexanypa, MHOTO4 
yen R,(x), KpoMe HepaBeHCTBa (5), YLOBJeTBOpAeT elle HepaBeHCTBy 


IRa()| <M, —l<x<rl, (10) 
TO oTcIOqa MU u3 (8) NOwy4MM ' 


(eR <I eM, ae (11) 


O6patitaicb K MHOrowleHamM JlexaHapa, B cooTBeTcTBHH c (1) H (2), Mb 
OWKHEI nONOKUTh M=1 u L=Y2/nn, tora (11) maer 


(—)|/Pa(Q|<2V Sint 1 42~2Y 4, -1<x<+l. (19) 


| 

Kosdpuuvent upx Yn B upasol uactu (12) B 2 pa3a mpeBocxogut Tou 
Hy!O KOHCTAHTY, CTOALLYIO B (3). 

Mbl yoke OTMe¥aJIM Bblile, YTO Peliep HcNoOb30BasI AIA MOMyGeHHA Hepa- 
BeHCTB (2), (3) HekoTOpbIli KNacc MpousBoAsuHX PyHKuni. B KayecTBe Ko9(p- 
(PHUHeEHTOB STHX MpOH3BOAAMMX (yHkWMA (burypupyior mxHorounenp F,, (x), 
KOTOpbI€ B H3BeECTHOM CMBICJIe OOOOMlaIoT MHOroUeHb! Jlexan~pa. STA MHOTO- 
YJI€HbI YLOBJIETBOPAIOT He€paBeHCTBY 


Vil F a (ea ee (13) 


Hepaperctso Tuna (3) quia Hux, 110-BHHMOMY, He ObllO usBecTHO. B_pa- 
Gore Peliepa uMeeTcA MI oONeHKa pasHocTH | Fri. (x) — Fp (x)|, KoTopaa 
TOJbKO B YaCTHOM CJly4ae MHorouseHoB JlexaHypa, Oaroqapsa cnelMasbHOMy 
TOAMECTBY, NPHBOAMT K HepaBeucrBy (3). Hawa reopema yaer 


(1ieovt) |, (27), <0 Ge) ies ee eran (14) 


IIpH HeKoTopoM orpaHHuenuu Ha MpOWsBOALLyIO (yHkuHIO DMellepa Muoro- 


wienbl F, (x), B Hee BXOLAMIHe, yYJOBNeTBOpsIOT Goee CHJIbHOMy, em (13) 
HepaBeHCTBY 


? 


Vix" | F, (x)= Ls 0e ae ee ee rae (15) 


= 
nie 


Torga u3 (6) BprreKaet clexyoulan OWeHKa: 


(l=) (F, (@)| AC yi == ee eee (16 
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| Tiwtepecho ormerutb, 4To HepapenctBo C. H. Bepxuitetiua (4) Takxe 
)BuseTCA, C TOUHOCTbIO AO MOCTOAHHOFO MHOXKHTeIA, TPsiMbIM cye_CTBHeM He- 
aBeHcTBa (2). A nuMeHHo, [JIA Mpow3BosbHOrO MHorowena R,, (x), VOBJIeTBO- 


(Dee = 1< ee 441, (17) 
-npasejuB0 HepaBeHCTBO 
| (1 — x?)%| Ra (x)| <CLn, EES ae ae (18) 


tye C —HekoTopas mocrosHHas, He 3aBNcaulaA or n. DIToT (pakY BbITeKaeT H3 
WIpHMeHeHua K MHOroueHy R,z(x) OWeHKH, MOyueHHOli B padote B. K. JIsa- 
pipika (8). 

, O6patumes Tenepb kK ysbTpactbepHueckuM MHOrouIeHaM 


p 
POD (x) = APH") (x), =K— Mp, (19) 


irge P(x) — mHorowen AKOOH, CooTBeTCTBYIOUIMi BecoBod cbyukuHH (1 — x?)%* 
tMspecruo (cm. (*), cbopmy.ia 7.33.5), uTo mpw O<X}<1 muorouneH PA) 
| YAoBeTBopset He paBeHCTBY 

91—d 


| (VI—# ee ear 


} 
1a 


Ue io cecaedly (20) 


| Jina Myorowlenow P(x), O<A<1, C. H. Bepuuireiin(?) rakxe yera- 
| HOBKI HepaBeHCTBO, OOOGbuLalollee HepaBeHcTsBo (4). Kak u B Cay4¥ae MHOorowle- 
‘Hop JlexKaHypa, NOJlyueHHOe HepaBeHCTBO He paCCMaTPHBaJOCb, Kak BbITeKa- 
|roulee H3 ycuiopuA (20). Mexay tem, yunTprBans (20) uw mpumensia K P) (x) 


] Teopemy B. K. J[3aqbika, MbI MOJTyuYHM HepaBeHCTBO 


- Vvi-z)* 


| rye C — NMOCTOAHHAaA, 3aBHCAULAA TOJIbKO OT A. 


d Dee ae 
A po (|< on, —le«xe<e+l, 


Tloctynusio 
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Akaylemuu Hayk CCCP 


LMTHPOBAHHASA JIMTEPATYPA 


1¢C.H. Bepuutei x, Coop. cou., 2, cratpa Ne 51, 1954, crp.65. * L. Fejeér, 
Math. Zs., 24, 285 (1926). *G.Szegé, Orthogonal Polynomials, N. Y., 1939, p. 159. 
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wf Teopembl 43 aHamusa, 2, M., 1956. ° B. K. 13 a1 k, Mss. AH CCCP, cep. marem., 20, 
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Jloknayn Akayemun Hayk cccP 
1959. Tom 124, Ned 


MATEMATHK\ 


A. Jl. MbILIKHC u A. & HAYMOBH4Y 


YTOUHEHHE METOJIA BO3SBPATHBIX NOCJIEAOBATEJIBHOCTEH 
JWJIA MCCJIEQOBAHUA JM®PEPEHLMAJIbBHbIX YPABHEHHM 
C 3ANA3AbIBAIOLWMM AP YMEHTOM 


(ITpedcmaereno axademuxom H. I. empoeckum 6 X 1958) 


Yka3auHoe B 3aroJIOBKe paOoTbi yTOUHeEHHe COCTOHT B TOM, 4TO OLleHK4 
IpHpalleHHi pelleHuA MpOBOAUTCHA noce pasOveHHA OCH X Ha OTPe3KH ]JIMHBs 
A,/(n-— 1) (n = 2,3,...) (a ne Ao, Kak B pa6orax (7,?)), rae Ao — BepxHAs 
rpaHb 3ana3qpiBanHi. Mobi uccJieqyem ypaBHeHHe | 

y'(X) = —M(a)y(x—A()) (Ax <oo, MSO, AW) S9) 
(M (x) < Mo < 00; A(x) < Ay <00; y(x) mpn A—A,<x<A s3anano; Bea 
9TH (pyHKIWMM HempepbiBubl). TlosyyeHHble pesyJibTaTbl HeMOcpeCTBeHHO o606- 
mlaloTca, Ha ypaBHeHHA ycTomunBocTu TuMa Goslee OOulero Bua ((*), ru. IV). 

Jlemma 1. Ypaenenue 


Roto 4a OF (n= 25.) (2) 
npu | 
O<“rA<(n— 1) 1 (3) 
UMeEM MOLNO OBA NOAOMCUMEALHOIX KOPHA % U %, NPUYeEM 
lie oy <n (i — Ne ope (4) 
NPOLUe KOPAU &s,..., %p MO MOOYAIO OONbWWE K& UW BCe nNpocmole. 


JlokasatTeapcerTBo. JInddpepesunpys (2) no «, mpopepsem, 4TO KparT- 
HbI KOpeHb OyfeT TOMbKO Mp A = ho = (n— 1), a =~ = n(n —1)4. 
Tlostomy mpu MeHbilem } rpapukn B =a—1l wu B= da” npn a >O nmewT 
ABe TOUKM MepeceyeHHs, JlerKalllHe MO pasHble CTOPOHBI OT %&. J] mpouMx xe 


KOPHeH, BO BCAKOM culyyae, Ajae|"—|oae,]|+1>0 (k=8,...,n), u moTOMy 
He MOKET ObITh % <|%~|< a. Ho mpn }-+0 a, MeHAeTCA HeMpepbIBHO 
|%,|—> ©0; NOSTOMy He MOKeT OBIT H | a,| << n(n— 1)—1. Ecan xe | Ov, | == com 


TO, MOJlarad B paBeHcTBe (2)% = %& H %* = &, = a e4? “uCKIMIOUAaA hat, NOJIy4HM 


joe, Cen : 
ae" SIN—S—P = SIs Pp, OTKYAa  kpaTHO 2x, UuTO HeBO3MO>KHO. Jlemma 1 


oka3ana. 
Jiemma 2. O6uuti “nen eosepamnoti nocaedogameaoxKocmu 


Qin =A4n—1 — ha; (L = is ea (5) 
Npu ycaoeuu (3) moocHO Natimu no Gopmyare 
Ohy == Crane Ona > Cina ay “(le Ona ao) (6) 
/=0 
20e o603HaueHO 
Cr=h-1 (Big eb Bae?) (i=) tele y (7) 
Br = CH = ea eee (CH — py) (op — pia)... (Xp — One 
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)u smom B, > 0, a ece aucaa C, BELIECMBEHHOL U 


Cree Oe eae ea ey (8) 
CHT Se Cl eee oe (9) 
Crs OPCs xc penn) = 1,9" 2: (10) 


pat OKa3aTeMbCTBO. CoracHoO TeOpHH BOSBpaTHBIX MocJleqoBaTembHO- 
je (cCM., Hanpumep, (2), crp. 241) nomyuum 


co 
3 ates SHANA) Aaa teh 


n (eo) 
= Ya an ayal 3) Brag Sarat (ay =0) 
j=0 


k=1 r=0 
CpaBHkpad KosdpuiuenTbl MpH OXMHAKOBbIX cTeneHAX «, Halijem Ws bon 
) (hal With 
a= 2-1) D) (a; — aj-1) Beat 43, 
/=0 k=1 


»TCIOJja, MWeperpyniHpoBaB CJlaraeMbic M BOCIIOJb30BaBLUIHCb paBeHCTBOM (2), 
liyaum (6). Ananoruuno gna 1=0,...,n—1 


I-1 7-1 
Q,= Rat y Bp erg — 2 Ajh, el Cy —— | ajC, == sy, a;C inj; 


k=1 j=0 
irclofa, B cuJy a Plescceteakt Ay,+++,An—1, MOMyyaemM, 4TO 


Cea eee = nO, Cr = 1 (11) 


» [pyro cropousl, dbopmyvia (8) mpoBepxeTcaA HeMocpeACTBeHHO JIA KaxKOrO 
jlaraemoro (7) c yuyeTom ypaBuenna (2). M3 (8) uw (11) BprrekatoT BemlecrBen- 
OCTb Bcex 4NCeN C;, a Tak>xKe PaBeHCTBAa 


ee 0 — 0 (3) 2 Ga — Gai = Cr — 1 (nS 2), 


3 KOTOPbIX CyleqyeT CipaBeIMBocTb paBeHcTB (6) uw upu /=—0,...,2—1. 
Mulanee, Tak-Kax By > 0m |az| >a, (R= 2,...,n), To 3 (7) BHM, TO 

ymlecTByeT HaTypaJibHoe JN, a KOTOpOro Cyne 0 re N). Ecnu tak 6yjeT 

fe ana peex />Ou C, >0,..:, Gm—1 > 0, Cn [0 (m>n-+ 1), To, paccmat- 

MBaA BOSBPaTHYIO (B CHJIY (8)) MOCJIeOBATeJIbHOCTh Ay) = Cy, Q = Cy44,... 

I MpHMenaa K Hei dopmysy (6) qua L=m-+n—2, nowyyuM, To 

EN4+min—2<_0, T. €. MpOTHBOpetHe. ae ee 4YTO BTOpoe H3 He- 


yapencTsB (10) Bmeppble HapyuiaeTcs np = im >n. Torga, B cuuy (8), 
ae Cr Crna Crea Cin gare we mi Con Hy 1—ayt 
: Cm Cm—1 Cm—nte Cm AC im » 


leMy MIpoTHBopewuT ypaBHeHHe (2). Jlemma 2 oKa3aHa. 
Ilepexoa kK uccJIeqOBaHHtO pellieHHA as yA — Ay <%* < oo) ypaBHenua (1), 
603HaUHM Tp *uKCMpOBaHHOM 1 = 2, 3,. 


= (k=0,-+1,...); ®; = max y(x) (j= 1,....2—]), 
(Pauk 
1 OyMeM CuuTAaTh, UTO BEINOMHEHO YCAOBHE (SUR 
Jlemma 3. Ilycmb Oasn HeKomopoeo r=0,...,.n—1 ;6ydem y(x)>0 
mex 4 A), 


pe | n—r—1 n—1 
(4) (1 3 al}>ed De Pise hk Dmaptntt oy (12) 


j=r+1 iFati—r 


2 Banas 1270 977 


if 


‘npuuem CYmMMa, Y KOMOpot eepxNuti npeden meHoWWe HUdICHe2O, CAumaerny 
Hes Ayo) u y(x)<y(A) Ha HeKomopom ompesKe [A, B] (A<B< om 
Toeda npu Ap+r~<x<Ar, noxa AKK<KB, 


k 
y (x) >y(A)—h DO; (R=1,..,2—1); (] 
iesal ay n—r—-1 
= 
y (x) > (Cetronte—h DCL Be > 0, = 
jJ=rt1 j=1 
il 
—hk >; Cr—jry PD; (R=, les) (1) 
j=n—r 


y (x) > 0. ( 
Tloka3satrembcTBo. Mbl foKaxkemM TeopeMy MpH yCJIOBMH 
y(x)>0 (A<*<B), | 
Tak Kak ecIM HaM 9TO yacTca, a (16) He BHINOHeEHO, TO JOCTATOUHO Tep| 
HectH B B nepBhiit mpu x > A Hyab (yHkunM y(x), ITOObIMpPHHTH B MpOTHBE 
peune c (15). Jlanee, (15) Bbirexaer u3 (13) u (14). HeticrsuTenbHo, mpu ks 
<n—1 9To cpasy cmenyeT u3 (12), a mp k >n npasas yactb (14), B cH 
ny (10), 6oubuie nponsBeneHud Cryr—n4+2 Ha Pa3HOCTb Me*KLY JeBou U mpaed| 
yactamu (12). Ja qoKka3atempetBa (13) u (14) npowuTerpupyem paBeHcTBo (| 
ot Ajyno Aj, or A; nO Ap UT. QZ., YIHTHIBAaH, UTO, B cuy (16), y(x) 


BOspacTaeT pH x > Ap, (KOHEYHO, BCe PaCCMOTPeCHHA BeyTCA TOJIbKO Mf 
A<x<B). Uonyam 


min y(x) >y (Ar—1) — Pe (R= Lee t—1): 


[Ap_y, Ag] 

y (Ar) > y (Aes) — dy (A) (k= n,...,2n—r — 2); 

y (Ax) > y (Ara) — dy (Az—n) (k = 2n —r —1,2n—r,...). 
Viz mepppix n—1 sTHx HepaBeHcTB cpa3y csemyeT (13). Jlanee, o603HauH 
By = Pn—ry-++, Ory = Dna, Or = ... = Ong = Y (A), be = y (Apr) (RN 
novIyuuM | 


bic Sibi a Non (P= IG 


Orcioyja JerKO MpoBepuTb (B OOUeEM Be STO CeMaHO B Teopeme 2 nu 3amé 
yaHuix 1 u 3 paOorbi(*)), YTO Bee by > ax, rye YcNa Ap O6pasytor BOSBpa’ 
HY!0 MOCJI€NOBaTe/IbHOCTh (5) MIpH HayaJIbHOM YCJIOBHM Gy = b,,..., In—y = Dn 
Tlostomy, B cHly JemMpI 2, npu Rk >n—r—] 

ie 


Y (Az) = Crtr—nte Y (An—r—1) meek, > Chip ee Dare et — 
j=1 
n—1 
a iS > Crtr—n—j+2Yy (A) 


f=r-+1 


M, BesiejcTBHe (13), y(Ag) He MeHbIe MpaBol uactu (14 
ane 3 WOKagana. 
'Teopema' 1. ITycmo y(x)< y(A)>0 (Axx B), y(B) = | 
Komopoeo BE(A, co). Toeda max y (x) npu Peay ee 
HoxasatenbeTBo. Ecam yreepxyenue HECIPaBe JIMBO, TO MO?KHO TIp 
MCHHTS vieMMy 3, MooKuB r=—0, ©,=...=0,., = y(A). Cymmupya np 
Tpeccuio H MpHMeHssd (2), a satem (4), npoBepsem Bpmomnenne yculopusa (1 
H TCM CaMBIM BCTYNaeM B MpoTuBopeune c (15). Teopema 1 yoKkagana. 
Teopema 2. Iycmo y(x)> 0 (A—A,\ <x <A). Toda npu A<X-. 
<(0o mHooKecmeo HY Aeli @ynkyuu y(x) ceasno (ecau ne nycmo). 2 
Aokasatenperso. Ecnu YTBep2keHHe HeBepHO, BHIGepem BE (A, o 


Tak, uToOnr y(B)=0, an i 
a (B) pu Ass MHOXKeCTBO HyNeH y (x) HecBa3H 


), “TO HM Tpebyere: 


nycTb y(x) ocTuraer HanMmeHbulero Ha oTpeske [A, B] 3HayeHna npn 
j= A’. Torna y(A’)<0, Tax kak B npoTusHom cayuae y(x) upp A<xK<B 
y> BospactaeT H He MoxKeT MMeTb NovyuMKoB. IIpamenenue teopempt | K 
\- y(x) Ha orpesKe [A’, B] npusoyur x lipoTuBopeumio. Teopema 2 joKa3aHa. 
IIpumenenve Teopembi 2 nocuie nepenoca HauasbHoli ToOUKY NaeT Teopemy 3. 
| Teopema 3. Bce peweaua ypaenenusn (1) moeym 6eme mpex munoe: 
\MAULHOIE OM HYAA AAA @ecex Oocmamouno bonowlux x (HeKONEO ANOLYUECHA), 
Wrenstowue 3HaK Na KaxKOOM ompeske [D— Ay, D] (A<D<0) (Kone6sn- 
§4uecn) u paeHole HYyAI0 Onan BcexX Oocmamou4NO BoaLUUX x. 


| Teopema 4. Jl60e nHexoneOstoweecn pewenue yOosaemeopsem das 
pcex Jocmamo4no Gonowlux x OOHOL us OeYyx oYeHOK: 


| y (x) | > Car@—px/a», (17) 
(C = const > 0) 

eg Bi OO ere al (18) 
) HAoxasareapbcrso. Ilocne mepenoca HayasbHol TOUKH MOXKHO CuHTaTH, 
tito y(x) >0 (A—Ay <x <A). OGosnayan 6, = y (Ax), mepeHoca Hayab- 
iyio TouKy B Ay 4, An, ... HW MpuMenaa semmy 3 mpw f=n—1, Mp 
}IpPHXOAMM K JBYM Bo3MoxHOCTAM. Ecvim HepaBeHCTBO 
Deen Oper tes tO Oneerta) (heel ye (19) 
jaapyiuaerca XOTA Obl AIA OfHoro k=k’, To, B custy memmpl 3, (8) u (7) 
mpu Ap »;§<x< Ag, R>R’ +1, 
y (X%) > Cr_nr4r One — 2 (Cr weber nga +.» + Cr—n—ntebe—1) > 

> Crna [ber — 0 (et Ona +... + ot be—nas)] = 


= =i —(n—1)x/Ao 

SCap = oer) Gan. (20) 
‘Ecau (19) cnpaBegquimBo fa Bcex k, To, Kak IPH JOKa3aTeJIbCTBe JIeMMBI 3, 
On <a, (R=0, 1, ...), THe Gp OOpa3yloT BOsBpaTHy!O MOCJIeOBaTeJIbHOCTb 


Gy = (0 Gry +... + Oydn-nti) (Ron—1); ap=b, (0<R<n— 2). 
'B cuay Teopuu Takux MocweqOBaTebHOCTeH Ay cyKAT KOSdpuUMeHTamU pa3- 
\JIOX%KeHHA TO CTeMeHAM &% pallMOHaJIbHO ApoOu co 3HaMeHaTesIeM 


1 — ) (at2e +t. . fayatl) = — a, (Ao*—a4 1) (a—a,)t = 


= — Hh (% — a)... (% — Hy). 
Pa3naraad ee Ha 9JIeMeHTapHble ApoOu H BCHOMHMHad JIemMMy 1, Nosy4uuM 
Speeee et Sf) 
a,=Cas*+... Ba’ = C'a-* + o(as*), 


OTKYa, aHagornyHo (20), BbIBOAHM (18). Teopema 4 pokes 

Kose6mouyvecs pelleHuat no caMol rpyOol oteHKe (( >, 72) Maxkopu- 
pyiores dyukunelt C(M)Ay)”™; ormerum, ro MyAg < oy . Buwio 6bt 2Ke- 
JAaTeIbHO 3TY MaxKopaHTy YTOUHHTb. ahee 

Ycuopne (3) MoxkHO samucaTb B Bue OK MyAp< (n— 1) 0 x, yBemu- 
yMBaA fn, BUM, YTO ece meopuu cnpacedAueol, ecau (3) 3ameHUMb HA YCcAo- 
gue 0< M,Ay<(1/e. Sto orpannuenve (CipaBeMBOCTE ae Be BbI- 
cka3zaHa B (”), cp. 140) aBaneTca TOUHBIM, : ale ea M (x)-in ()> 
>1/e HeKxoseOmomyAxcA pellleHHH HeT ((2),a¢Tp. Se ae ee ; om 
Ay, wlerko mposeputs, 4to d(a#?—1)/dn<0, d(ay ties xsag iL 
(17) u (18) c pocrom n YyTOUHsIOTCA. B mpeyese a" nu afl nepexoqar 


M AvP) = B. 
B MOJIOMKUTEJIbHbIE KOPHH ypaBHeHHA exp ( 0 ob) B Tlocrynuuto 


3 X 1958 
LUMTHPOBAHHAS JIHTEPATYPA 


1A. 0. Mumx uc, JAH, 71, 13 (1950). 7A. 0. Mpumku c, Jnnelinpre nucbibepex- 
u buble ypaBHenua c 3ana3yibipaiomum aprymextom, M.—JI., Nee oe I. Mum xk ue, 
A *? Tpuupmearby, Yy. 3an. Benopycck. roc. yHus., 32, Pont ). 
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Jloxaaygn Akayemun HaykK ccCP 
1959. Tom 124, Ne 5 


MATEMATHK. 


B. A. POXJIHH 
OB JHTPOMMM: METPHYECKOLO ABTOMOP@H3MA 
(IIpedcmaeaeno akademuxom A. H. Koamozoposom 28 XI 1958) 


B npo6seme uzomopiusma, CTOALeH B MeTpHuecKOH TeOpHH JWHaMMYeCKA 
cuctem Ooslee ueTBepTH BeKa, MPOH3OLIJIO CyYIleCTBeHHOe MpoO/BH2KeHHe 
A. H. Koamoropos (1, 2) ycTaHoBHJI CYyDLeCTBOBaHHe HeH30MopHbIX MeTpHye 
CKHX aBTOMOp(bH3MOB CO CYeTHOKPaTHbIM JIeOerOBCKHM CIIeKTPOM. ITOT pesyJb 
Tat WosyueH C MOMOM[bIO HOBOrO MeTpHYeckoro WHBapHaHTa — 9HT POH? 
aptomopiusma. Hactosujad paboTa NocBAllleHa M3y4eHHIO STOO HOBOTO HMHBa 
puaHTa. 3 ; 

B repMunosiorau M oOosHayeHHAX «1 CJlef{y!O CBOeH OO30pHolt craTse (’) 
M—nipocrpanctso JleGera c HempepbiIBHOH Mepol »; {2 — npocTpaHcTBO er 
W3MePHMBIX TOAMHOKecTB; Yf— MHOxKeCTBO ero aBTOMop(usMoB; It — myoxKe 
cTBO allepHoymueckux aBromopdu3mos. B 2 umeetca metpuka (A, B) = 
-=u(A+B-- AB), B &%— yBe Tonosoruu, npeBpaliarouwue YB NpocTpaHcrBa 
Yu Wy. Ur —yuuTapHbli onepatop, onpesemsempili B L,(M) asromopdus 
mom 7 €%. Ecum €—n3mepumoe pa36ueHHe npoctpanctBsa M, to M/€—co- 
OTBeTCTBylollee (pakTOp-lpocTpaHcTBo. ©— pa30veHHe mpoctpanctBa M Ha 
OTJeIbHbIe TOUKH; Ey — MpovsBeyeHve pasOvenult &, y (T. e. pas6ueHue, CocTOA- 


mee H3 MepeceyeHH 9JIeMeHTOB pa30HeHHH —, 7); | | & — mpouspezenue cucTe- 


Mbl pa3OHeHHit &. Samucb <j O3HauaeT, 4YTO y ECTb NospasOuenne pas6ue- 
Hua &. 

1. Cpequax asuTponusa. Onrponua AH (é) pasOnenua € mpocTpaHcTBa 
Jle6era Ha KOHeYHOe WJM CUeTHOe MHOKeCTBO UYacTeli C MepaMu Mm, oMmpele- 
JimeTcH M3BecTHOH (tbopmyiol H (é) = ay mile m; MuoxectBo pas6venui & 


mpoctpauctsa M c Hf (¢)< co oOosnauaerca uepe3 Z. Ecau €€Z u € —npo- 
M3BOJIbHOe H3MepHMoe pasOveHHe mpoctpancTtBa M, To & MHyLupyer B 9/IeMeH- 
Tax C pasOvenua € onpefesennbie pasOuenusa &, H cpeqHaa (ycOBHas) SHTpO- 
nus f7 (¢ | C) ompeyesaerca Kak cpeyHee 3HayenHe (MHTerpan no M/C) dynKuun 
H(E,) (cp. (*)). Ecmm §€Z, C€Z, ro H(2|¢) =H (ct) —H(C). Ucnonsaye- 
Mble B jlaJIbHeHWeM CBOHCTBa cpeyHeli SHTPONMH OTHOCATCA MMeHHO K 9TOMY 
culy4aio M MMeloTcs, Hampumep, B (*,°). Mckmouenne cocTaBialoT o4eBH Has 
o6maa (bopmyuia A |S) = #1 (c6 | C) uw reopema: ecam £€Z, C,6Z, Cr <Cauy 


(tal ed sree.) |[ & =«, TOME (CESRG ely (eal). 
=a noo 
2. pocrpaucrso pas6uenuat. Tonoxum gas SOL He ZF 


p(t, 4) = 4.6 | 4) +H (y | 8), (1 
Herpyquo npopeputb, aro (1) ects MeTpHKka B Z. B sro merpuKe Z ect! 


TlOJIHOe cerlapaOesbHoe MeTpHyeckoe NpocTpancTBo. Koneynpie pa3s6ueHua o6pa 

3ylot B Z Bcwyly msorHoe mHoxecTBo. Boviee toro: ec &1, &, ...— mocae 
co 

‘AOBATEMbHOCTh pasOvennit u3 Z Taka, uro &, Sint, iil En = &, TO MHOKeCTBI 


n=] 


:pasOuenui — TaKHX, 4TO E<E, xoTA Obl NpH OAHOM f, BCIOAY MJIOTHO B Vi, 
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{3. DyuKkuusa A(T, &). Monomum yuan TEY, EEZ: 


oe) co re) 
OT Ss tr Sey siey tee y] rs, 
k=0 k=0 k=—0o 
n ie k Al 
=] T%, A(T, &) = lim @). 
k=0 2 


pene Bcerja cyulecTByeT (cM., Hanpumep, (°)). Ecmu <4 (EEZ, n€Z), 
}, ouepugno, A(T, &)< A(T, 7). Sto npesnoxwenne mMoxer ObITh CyUecTBeH- 


Han ecaxozo TEM u ecakoeo EZ 


A(T, §)= tape (5 | Ter) = A (E | Tet). (2) 
n—1 

Hleiicrautembuo, H (§r) = 5) H (§ | Te; *), Tak uTo JocraTouHo TIpuMeHHTS 
k=0 


Jeon CpeqHHxX apHdMeTHyeckux u Teopemy m1. 1. 
| Tax xax Hf (é | T&) = H (cf | T&F) (cm. a. 1) uw Tak Kak, o¥eBHAHO, 
(T, & =A(T, §), To dopmyszy (2) MoxHO Npey_cTaBuTb B BHe 


A(T, &) =H (€f | Téf) =H (TE | 7). (3) 


) uacTHOCTH, cooTHoUeHHe A(T, &)=0 skBuBaJIeHTHO KaxKOMY H3 COOTHO- 
JeHHH: 


| Te} = tt, Tir =r, & = & (=ér), mod0 
ep. (°)). 

| @ynkyun h(T, &) Henpepoiena no & (wa Z); Oana smobolx EZ, YEZ 
| A(T, &) —A(T, 4) | <elé, %)- (4) 


JleiicTBHTeJIbHO, TaK KaK 
a k a-—1 z 5 
H (er | ar) < >) A(T | ar) < >) A (TE | T'q) = nH | 4»), 
k=0 k=0 


ro p(Er, Wr) <np(é, 7) u 
| H (é) — A (ur) |<e (Er, ar) <p (é, 7). 
4. DutTponua astomopdu3ma. [lonowum yaa T € Y: 
Hee StH (1 eG) eens GA); 


h(T) ecth 9HTponuaA aBTOMOppu3mMa T. Sro ompeyemenve 9KBHBA- 
N€HTHO onpeyenenmo Kosmoropopa — Cunas (°,°), B KOTOPpOM BepXHsia rpaHb 
6epeTca 10 KOHE4YHEIM pasOneHHaM E. 


Ecau §, €, ...—makana nocaredogamerbrocms pasbueHu us Z, 4umo 
co 
bn N Ent u a a, =e, imo 
n=1 
lim (7 sca) Gh) (5) 
m—-co 


TLoxazateampbcTsBo. Ilyct §€Z u 6 >0. JloctarouHo WoKa3aTb cyule- 
eraopanne takoro n, ut0 A(T, &:) > A(T, &)—8. Cormacnon. 2, cymectBylor 
rakve n u 7EZ, uT0 & > (5 n) <8. 91o qaet:. A(T, §_).> Wleyam)s 
A(T, &) —A(T, 1) <8, A(T, Sn) > A(T, )—8. 
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Bor HeKoTopble CBOHCTBaA SHTPOMHH: 


a) A(T") Sy ep (9); 5 4 

8) A(S XT) = hi) A(T) (S xX T ecm npsimoe npouseedenue a6moMopy 
gusmoe S, T); i 

x) A(T) =0 @ mom u moaoKo 6 Mom cAYyuae, eCAU BCAKOE io 
pasouenue ©, uNeapuaHmHoe OMHOCUMeAbHO T (m. e. maxoe, umo TC<6), 
UNeapuaHMNO U omHocuMeAcHO T Canty 3)3_ 

8) ecau asmomopdusm T ecmo zomomopprolti o6pas asmomop@usma S,m 
ATYSSH(S) (Cp. 0223); 

anes Hae § » pasaaeaem aemomopp~u3sm T Ha KomnoHeHmel Ty 
(apeoduuecKkue UNU HeapeodU4ecKue, CM. (3), cmp. 80), mo h(T) ecmo cpeone 
sHauenue (unmeepan no MC) dyrxyuu h(Tc). 

5. QuTponua Kak PYHKUWUNA Ha YW. Tak Kak H (&f) ectb HempepbIB: 
Had (byukuus oT T Ha Ws, TO A(T, &) ecTb cbyHkKuMA MepBoro Ksacca, a A(T | 
ecme npeden eospacmarnujeli nocaedosamenbHocmu yHKYyUu Nepe0ed KAACCA HG 
YU, (cm. bopmysmy (5)). CmeqoBaTeJIbHO, MHO2KECTBO (A(T) =O] (Kak i BCAKOG 
mHoxKecTBo [4(T)<a]) ectb Gs. Tak Kak 9TO MHO?KeCTBO COJepKHT BCe MepHO+ 
jueckve aBTOMOpH3MBI, TO OHO BcIozy mioTHO B Ys. Takum o6pa3om: 

Muoowecmeo abmomoppusmoe c Hyneeoti aHmponueti ecmb é6ctody nNAOMHOE 
Gs 6 W. | 

Sru TeopeMbl cnpaBeVIMBbI M Ama mpoctpancta Ayu NC Wg. Anan N To+ 
Ka3aTeJIbCTBO JOJIXKHO ObITb HECKOJIbKO U3MeHeHO: NepHoqHyecKHe aBTOMOpPU3MBh 
JOJDKHbI ObITb 3aMeCHeHhI allepHoquueckumu. Tak Kak allepHoyuyeckve aBTO- 
MOpH3MbI C HYJIeBOH SHTPOMMel CyUeCTBy!IOT, TO HX MHOXeECTBO BCIOAY MOT 
HO B® (cm. (°),, cTp. 74). 

h(T) ne ecmo dyxkyusa nepeoeo Kaacca na %,, mak amo gopmyaa (5), 
onpedeasioljant atmponuro aemomopqdu3sma nocpedcmeom Oéeyx npederbHolx 
nepexodo0ée, NpunyunuanoHo Ne mooicem Oolmb ynpowena. | 

JlelicrpuTembHO, mHOxwKecTBO [h(T) > 1] -cogqepsxuT. anepHoyquyecKHe aBTO- 
Mopdusmpr (cm. (1, ?)) mu noromy: Bcloqy msoTHo B YW, (cm. (°), erp. 105). 
Ecam Ont cbyHkuna h(T) npHHayqiexasia K NepBpoMy Kslaccy, TO 3TO MHOKeCTBO 
(KaK MW BCHKOe MHOxKecTBO [h(T) > a])ToxKe Onim0 Obt Gs Hu MepeceKamocb Obi 
c¢ MHOxKecTBOM [h(T) = 0]. 

6. ODuTponua u cnextp. Ecau h(T)>0, mo L,(M) codepoxeum 
uxeapuaNmHoe NoOnpocmpancmeo, Ha Komopom Ur umeem cuemnoxpamnoltt 
nebeeoscKuui cnekmp. B uacruocTu: ecau T umeem 4ucmo mouernoiti cnexmp, 
MO )\== 0; ecau T umeem Konernokpamaoiti cnexmp, mo h(T) =0; ecau 
MAKCUMQNGHOLUL CNheEKMpPAAbHolL mun asmomopdusma T cuxeyaapen (omHocu- 
meAbHo AredezoecKoeo muna), mo h(T) = 0. 

Jloka3aTeabetBo. Ecau h(T)>0, To cymecrpyer takoe §€Z, 4To 


‘ 
h(T, §)>0. Coranacuo pling; ef u TEP CyWleCTBeHHO pa3uHuHBI. Ilycrtb 
L — nogmpoctpancTBo. npocrpaucrso : L,(M), cocrostnee 13 (pyHKUHH, MocTo- 
ABHBIX Ha 9JleMeHTax pasOvenua &f, u L’ — oproronampuoe onomenve K UrL 
n 

B L. Tlognpoctpauctsa UfL (— 0 <n< 0c) CTporo yObiBaloT u moTomy 6ec- 
KOHE4HOMePHBI. L wu UrL —nogkoubua yuutapxoro Kouba L, (M), “4 moTo- 
my L’ tTakxKe G6ecKoneuHomepxo. Tlycrtp 1, Qo, ...— HOPMHpoBaHHas 
OPTOPOHAaNbHaA Moc/eqoBaTebHOCTh B L’ w Ly —MHBapHaHTHoe nogupoctpaH- 
CTBO, MOPO*KeHHoe (pyHKUnel oy. Scho, uTO dynKHH Ute, MomapHo oprtoro: 
HaJIbHBI. CreqoBaTenbHo, nofmpoctpanctpa Lg monapHo oproroHabHn u U7 
uMeeT B Ly mpoctoi me6eroBcKnit CIeKTp. 

7. OOpasytomue. Koveunoe um cuetHoe H3MepHMoe pa3OveHve & Ha- 


ft 


, 
‘ 


co 
SbIBacTCA OO pasylomel oTHocuTembHO T, ecu I [tees (mod0). Cy. 
6 k=—00 
€3 oOpasylollux, HallpuMep mnepvogquueckne aBto 
HM 9proAuueckue aBromoppusmpl 6e3 o6pa3y1o 


IeCTBYIOT aBTOMOpdH3MbI 
Mopdusmp!. Cywecrayror a1 
IlMX — HeH3BecTHO. 
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| Ecam o6pas3yioujan § npunaqexut x Z, TO WT) =h(T, &) (chews). 
PHSBECTHO, CYUKCCTBYIOT JIM SprosuuecKkve aBTOMOp(H3MbI C KOHeUHOH ZHTpO- 
‘eH Oe3 o6pasyroujux uz Z. Hepapeucrso A(T, &)<H(é) (apastomeeca 
(CTHBIM CJIyuaeM HepaBeHcTBa (4)) NoKa3sbIBaeT, uTO ecaH f(T) > leat tomes 
i) UMeeT -UJICHHBIX OOpa3sytOULHx. 
| Ecau T ectb sproquueckuli apromoppusM c uncTO TOUeUHBIM CHeKT- 
#)M, MpeAcTaBseHHbI B KaHOHMYecKOl (bopMe Kak rpymmopohH cypur (cm. (°), 
jo. 94), To, KaK JerKO MoKa3aTb, BCAKOe M3MepHMoe pasOvenve, HHBapHaHT- 
ge oTHocHTeNbHO T, ecTb (mod 0) pa36ueHue rpynnet M na cmexKHBIe Kmacchl 
# HeKoTopoH mogrpynne. M3 sToro HeTpyAHO BbIBeECTH, UTO MHOKeCTBO Tex 
2€Q, qua KoTOpbIxX AByuNeHHOe pa3zOneHHe M=A+(M—A) aspasetca 
spasyrolleH OTHOCHTeIbHO 9proquyeckoroO aBTOMOp(bu3Ma C 4YHCTO TOUeUHEM 
HeKTPOM, €CTb BCIOAy MoTHoe Gs B 2. Ecau, nanpumep, T ects noBopot 
(PYKHOCTH JiMHbI 1 Ha MppallMoHabHyIO fyry, TO pa36veHne M = A+ 
|(M—A) ue spaaetca o6pa3yiomumM orHocuTenbHo T smb B cuyuae, 
proqa A unBapwanTHo (mod0) orHocuTenbHo noBopora Ha ogHy w3 Ayr 
METI 2° 3, <a 
1 Kakoéo 601 Hu 6ola0 mxoocecmeo A€Q maxkoe, umo O<pA<l1, mxHooKe- 
jneo O(A) asmomopdusmce, Ora Komopolx pas6uenue M = A+ (M— A) 
snsemcnaA OOpasyroiuel, ecmb ecrooy naomHoe Gs @ Ws. 
Jloxka3satreabetso. V3 cka3anHoro 0 noBopoTe OKpy2KHOCTH JVIMHEI | 
{A UppaltHoHaJIbHyto Ayry CyleqyeT, YTO yxKe MHOXKeCTBO Tex T € D(A), KoTO- 
[sIe H3OMOP(PHbI TaKOMY MOBOpoTy, BCIOxy MoTHO B Ys. Ilyctb By, Bs,...— 
Oy MIoTHad mMocJefoBatembHocTh B Q u O(p, g, r)—MuHoxKecTBO Tex 
'€M, aA KoTOpbIX asre6pa MHOXxKeCTB, MOpoxKeHHad MHOxKecTBamu 7A, 


Hr<k<r, otcrout B Q oT Bp MeHee, 4eM Ha ; (Gi==ts 2 ee) ee GRE 
‘yaa 


D(A) =n N Was(ecdser) 


oKa3bIBaeT, 4TO O(A) ectb Gs B Ys. 

8. Tlotoku. Ilycts YW’ —npoctpancTBo HempepbIBHbIX MOTOKOB (T. e. 
OMOMOp(bH43MOB afUTHBHOM rpynnbl elCTBHTeIbHbIX uNcel B rpynny Y%,), 
KOTOPOM OKpeCTHOCTb MOTOKAa {S}} eCTb MHOKeCTBO MOTOKOB {S;}, Y]OB- 
€TBOPAIOULHX KOHeuHOMY 4Ncy HepaBencTB Bua p(S?A, SyA)<5, O<t<l, 
me A€Q u s>0. Moxuo noKka3atb, uTo YW’ ectb MpoctpaHcTBo co CYeTHOH 
a30H, OO/laqalolleé MeTPHKOH, B KOTOPOH OHO MOJIHO, HM YTO MepwosuyeckHe 
OTOKH OOpasyioT B YW’ BCIOAY MMOTHOe MHoxecTBO. Tak Kak eCTeCTBeHHOe 
ToOpaxenne {S;}—>S, mpocrpancrsa YW’ B YW; HerpepbIBHO, TO OTCIOJa H HB 
e3yJIbTATOB ml. 5 CulesyeT, uTO mHoscecmeo nomoKos {Sz}, OA Komopelx 
(S;) =0, ecme eciody naomnoe Gs 6 YU’. Takaa xe TeopeMa cipaBelimBa 
id MIpoctpaHcTBa H3MEPUMBIX MOTOKOB, paccMOTpeHHCro B ("). 


Konomenckuit megaroruueckuit Toctynusto 
HHCTHTYT 28 XI 1958 


LMTHPOBAHHAA JIMTEPATYPA 


aA. He r os, JAH, 119, Ne 5, 861 (1958). * A. H. Koamoro- 
OB TALL Dee (1959). 3B. A. Pox au 48, YC. MaTeM. HayK, He Ne 2(30), 57 (1949). 
X. d Xuuuun, Yen. matem. nayk, 8, Ne 3 (55), 3 (1958). A. A. XuuuH a, 
cn. MaTem. HayK, 11, Ne 1 (67), 17 (1956). ° A.V. Cunan, JIAH, 124, Ne 4 (1959). 
A. A. Typesus, B. A. Poxaun, Uss. AH CCCP, cep. mateo., 14, Ne 6, 537 (1950). 
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Jloxnagn Anragemuu nayx CCCP 
1959. Tom 124, Ne 5 


b. B. CTEMAHOB 


O CPEJIHEM 3HAYEHHH &-% CTEMEHH 4HCJIA KJIACCOB 
JIA MHAMOrO KBAJPATHUHOLO TOJIH 


(IIpedcmaenexo axademuxom H. M. Bunoepadoeoim 31 X 1958) 


Mopmysia fA cpeqHero 3HaveHHA YHCJIa KslaCCOB YMCTO KOPeHHBIX op} 
OTPHIlaTesbHOrO ONpesemHTeIA Oblia ykasana Tayccom u yoKasana VW. M. B 
Horpayosbm ((1), crp. 29—53 nu 58—66; (?)). ua cnyyaa mo6oro yeson 
k>0OB pa6ote J[umManua (°) Oblla JaHa aCHMMTOTHYeCKanA (bopMyvia, ofHA 
KO e@ H@JIb3H CYMTATL JIOKa83aHHOH UMM, TaK KaK OCTATOUHbIN 4eH omeHes 
HelpaBHJIbHO. 

B unacrosmel 3amMeTKe OyjleT yCTaHOBJIeHO ACHMMTOTHYeCKOe COOTHOLIeHHE 

Teopema. 
okt nee S} = nme oe Tp (n”) 


ns 


= k 

Sn) 

se wt (k+ 2) ima 
(n, 2m)=1 


+ O{N expje— Cine is 


20e h(— m) = S xm V mL (1, Y%m)—4ucnro 4ucmo KopeNHolx opm eayccoe 


onpedenumean —m(m> 0); ¢>0 cKone yeodxo mano; C > 0 — koxcmaxnma 
YkaxKeM OCHOBHBIC MOMEHTbI JOKasaTeJIbcTBa. OWeHHM CHa¥vasia cyMM 


N co fs 
k k —m\ T, (2) 
>} L’(1, x,,)- Samerum, uro L (1, y,,) = >) (=) , Te te (11)— 
m=1 n=] 
(n,2m) =1 


KOJIMY4eCTBO BCeX IIpefCTaBJIeHHH YNCJIa N B Bue NpousBeyenua k MHOxKUTeNeL 
BpijesMM TlaBHbI WieH, AA uero paccMoOTpHM 


N N% 
— 1 
SN 
m=1 n=1 
(n, 2m)=1 


N 
Mcnomsya ouenxy HW. M. Bunorpagosa ((!), erp. 58) qua Ss ( my, mic 
n 


m=1 

co n—1 9 

— 9 (nN) T, (n”) 
ayuum Sy = N > (—1) 2 eorareeryee Soa OUN any rye a mo60oe > 0. 

(agit 
OeHuM Tenepb ocraTouHBii wien Ry = SI y = mn Fe (7) 
Wispely wD, (=) —_— + Tpayem ya 
m=1 n>N%& 


olleHKH HexoTopsix cywm >) (—™) <A a 
y 5 7 ~‘Hctloub3syem TeopemMy 3  pa6orTl 
n>N* 


3 
Penbu (°), nomyueHHyio no Metowly IO. B. Jlunuuka. U3 ycnosusa sroti tec 
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JeMbI CJleyqyeT ee MpHMeHHMOCTb K L-psjlaM, COOTBeTCTBYIOINNMM XapaKTepaM, 
eae Mo mpoctomy uucy, p>>exp(InN)°*, rye 0>1/,. Nogcuntaem 
HIMCNO OCTAaBIUAMXCA pxAOB. KommuecTBo pajoB, COOTBeTCTBYIOWMX XapakTepaM 


; OCHOBHBIM MOYJIeM, j\eJIAMMMCA Ha mpocToe wncio p<exp(InN)°, omeHu- 
“saeTca mo Teopeme 2 paOotn A. HM. Bunorpagopa (4) Kak BemuunHa MopayKa 
){N (InN)? exp (8 — 1) (In N)!~° InIn NJ}; KommuectBo 2xe psaqoB, cooTBeT- 
/E2TBYIOIHX XapakTepaM C OCHOBHBIM MOJlyJIeM, He JeIAMMCaA Ha mpocToe 
70<exp(InN)? u ue npumurvBupm mo p>exp(InN)’, apnsercs BenmuMHoti 
jnopsqka O(Y AN). Ilpumenasa aaa aTHx pxaqoB TpHBHambHy1O oueHKy O (InN), 
inoxyuuM, uTO HX cymMa Ry=O {N (In N)’ exp [(6— 1) (In N)*°}}. 

| Ilyctb Tenepb L(s, x,,) OCHOBHOTO MoOfy.Ia pg (rae p> exp (In N)°) we sB- 
| IHeTCH MCKJIOUMTEIbHBIM (CM. Teopemy 3 paOorni (*)). Torga L(s, x,,) He 

dy 

2(In Ny? ’ 
Ifa riapyoi seTBu InL(s, y,,) BbINOHeHbI ycJlOoBua Teopembl Ayamapa 


} O TpeX OKPY2KHOCTAX, Pajy[HyCbl KOTOPBIX 


NYMeeT HyJIeH B MOoce o > 1 — | ¢t | <(In*?pq. CnejopatembxHo, 


dy dy dy 


i Saar EOS Ly me ee lh SS Sa ES 
1 2. (In N)20—®) 22 (In N)Pa—®) 3" 2(In N)t-° 


j 
| 
iH 
! 
i 
| c o6muM WeHTpoM s =o -+ it, rye d,-— a6comorTHaa nocTosHHaa, 1<b<a, 
yo=2r,, | t | <In*pq—rg. IIpumenaa ee, nonyuum, uto | L(s, x,,) | B HH- 


| Teppaywe o=1—t(t=re—3rs), | ¢t | <In?pq ect BemmunHa mMopayKa 
a—b 


| O exp (In N) ai **\ . 


— m\ T, (1) 
Ouenum >) (=) 7 . Mmeer Mecto paBeHCTBO 
n>N& 


2) = — = (n) 
] 2 (=) 7 fe 2, or) as i aa : 8) 2. =) ra me 


rye A> + 0. 
Haay >) (=") Te) oan MMeeM OleHKy Q(,~°N~**)), a) > 0. 


n 
n>N* 


Uro6bl OleHHTb \ pa306peM ero Ha YacTH: 
C0) 


—t-+i In? pq In pg 


a) \ eee | Lieu) le Irae 


—tT 0 
Ins Agnes 
z A ay 
=) max |L*(1—7+it)| v= 
0<t<ln‘ pg + 


a—b 
© aie Tt 
=o, exp| (In Nias |-1m : ; 


—t+ico co 


6 = 0 {x (pq) 


—r-+i In* pq In? pq 985; 


phe beteg amt dt} = O(N (pq)aten Pay, 


(n) sobs ‘ 

on AN Up Ae eae ts — 

Takum o6pasom, >) (=) -—=0{. "N a )--O4nexp(in WN) * 4 
n>N& ' 

a cyMMa Ry TaKHX pxOB MoxKeT OBITh OlleHeHa kak On MN 
a— 

+ 04X°N exp (In N) 2 ; 

Bo3MoxKHOe 2Ke HCO MCKJIOUMTeIbHBIX XapaKTepOB paBHO 


O{Nexp [—1/,(In N),]}, 


a ux cymMa Rw ecth O{N In N exp[—1¥/a(In N)*}}. 
Mrak, 


Ry = Ry + Rw + Ry = O{N (In N)° exp [0 — 1) (In NJ} + 
+ O{N In N exp [—1/s (In N)"]} + 0 {X" N exp [(In aol in 
Ong eNe mK 
Tlonaran }=exp[—(InN)°] u sBpi6upasa 8=12/,, p Onuskuma xk |, 


Se OIM3KUM K HYmo, MonyyuM, uTo Ry = O{Nexp[—C(InN)”* “]}, rye 
C — noctosnHaa, C > 0. 


N fore) 
TakuM  o6pa3oM, - Pace Eo ye, Se (—‘1l) 2 


a 
a 
a 


“ @ (1) T, (n?) 


n> 
m=lL n=1 
: (n, 2m)=1 
+ 0{N exp[—C (InN) he. OTKya JIerKO CcyleqyeT TeopeMa. 
Tloctynuso 
30 X 1958 


UHMTHPOBAHHAS JIMTEPATYPA 


1Y. M. Buunorpadzos, Us6p. tp., Haz. AH CCCP, 9 1952, emp, 29, fell“ M2 Bae 
HOTrpazos, M38. AH CCCP, ny MaTeM., 13, 97 (1949). 3 A. Penb u, M38. AH CCCP, 
cep. MatTem., 12, 66 (1948). *A.H. Bunorpagos, JAH, 109, 683 (1956). 5 Tl uw M- 
MaHH, ypu. ®v3.-MaTem. ae eed olom(lO27): 
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Wornane Akayemun Hayk CCCP 
1959. Tom 124, M5 


MATEMATHKA 
A. A. TAJIAJIAH 


CYMMMPOBAHHE PAOB NO BASHCAM MPOCTPAHCTBA 
L,[a, 6], p>1, METOJAMM 4E3APO 


(ITpedcmaeneno axademuxom A. H. Koamoeopoesim 81 X 1958) 


Ilycrb ana 6eckoHeyHaa MaTpuiia 


Qy1 M2. « « Ay - 
Qo Q22 + » + Ayp 

=: PA (1) 
ary 12 naa arp ae oc) 


TIpeqno0%xK4M, YTO 3JICMCHTbI 3TOH MATPHILbI YAOBJeTBOPAIOT CejyIOULuM 
TPpeM YCJIOBHAM: 
co 


1. Pag a Qik AOCOMOTHO CXOJUTCA JWIX BCeX JOCTaTOUHO OOJIbUIMX 3Ha- 
k=1 
[oe) 
‘yeHui i, mpuuem lim ey Opi 


i->co 


k=1 
2. Jima Bcex JocTaTOuHO OOJIbIIMX 3HaYUeHHH i BbIMOJINAeCTCA HepaBeHCTBO 
©cO 
>) \ainl<M, rae M ue saBucur or ¢. 
1 


Smelt sax. |\dy,| == 0. 
i+ CO 1<k<-+0o 


£9 ’ 
Tosopst, 4To OeCKOHEYHBIA pA 4 Un CYMMUpyeTca MeTOyOM T , COOTBET- 

n=1 

foe) k 


crpyloulum Marpuue (1), ec pad >) dik >) Un CXOMMTCH AA Bex JocTa- 
k=1 n=1 
TOUHO Oo;buMx 3HaueHuii i HM WMeeT CyMMY, KOTOpad CTpeMHTCA Kk oMpese- 
JIeHHOMy KOHeYHOMY Mpefesty, Kora caine rata YTO JO60H MeTOg 
eTo]| ’ ; 
Yesapo noOxKUTebHOrO NopsifKa €CTb M ’ 
= a3suc npocmparncmea 
Teopema 1. I[ycme {¢,(x)} dc her pa Lute a ee 
— 4umu 6CIOOY KOH 
(a, 0), pol, wu f(*%)—npoussoroxan no y 
ynkyun, onpederennan Ha [a, b). ' r 
Tozda, ecau 3sadana cuemHan nocaedosamesbHocmb hein oh : a ny ees 
: nops00K AKYUL 
memodoe T’, mo 6 cucmeme {¢,(x)} MOsICHO U3MeHUMb “Nop YHKU 


makum o6pasom, umobol OAA noay4enHol Hoeoll cucmemol {P, (x)} cywecmeo- 


ean psd be CPyn (x), Komopeli cymmupyemca K f(x) «06m memodom 


n=1 F 0 
Tr, A=), 2, ---, Mpunem Line 5 
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Teopema 2. Ilycme {¢, (x)}— HOPMUpPOBAaHHolll Oasuc npocmpaxcme 


Lp(a, 6), p>i, u f (x) — npoussozbHan noumu ecroOy KOHe4HaA usmept 
mat PyNKyun, onpedenennaa Ha [a, 6). j | 
Toeda 6 cucmeme {p,(x)} mooicHO uUsMeHUMb nops0oKk GynKyuu maKkuy 


o6pas0m, “mobol OAA noAYteHHOu HOBOL. CucMemoL {o,, (x)} cyusecmeosan pat 
& } 
SIGs (x), Komopoul cymmupyemca K f(x) s06olm memodom Yesapo noacy 

nivy 
n=1 


ocumeAbHOeo nopsaOKa, npusem lim Cr = 0. 


n—-co 
Teopema 2 sBuimeTca ceycrBHem Teopembl |. 
Ananormunble TeOpeMbl JI OPTOHOPMMPOBaHHBIX CHCTeM OBI JOKasaHbif 
Jl. E. Menpuoppim B padote (2) pa mpeqmosoxKennv, TO KooullveHTby 
(oe) \ 


OpTOrOHaJIbHOTO pAya YAOB/eETBOPAIOT YyCJIOBHIO }) C2 << + oO. B Teopemay 
n=1 
Menbulopa MepecTaBsieHHad CHCTeMa {?, | (x)} 3aBHCHT TOJIbKO OT TepBoHa 


¥ 


yasIbHOH cucTembl {,(x)}, a B Teopemax 1 u 2 mepecTaBuJenHast cucTema 
3aBHCHT TakxKe OT 3ajaHHoH dbyHKUHH f (x). 
Teopemp1 1 nu 2 yoKasbiBalorca Metogom JI. E. Menputopa*, npimMeHex- 
HBIMH B paGoTe (7), HO MpH 9TOM HCMOsb3yeTCA CJeyloulan TeopeMa. | 
Teopema 3. Ecau {o,(x)}—cucmema ynkyut, OnpeOeAeHHolxX Hai 
[a, b] u o6pasyrowux xopmuposanHeti Oasuc @ npocmpaxcmee L,[a, 0b}, 
p>1, mo dasa abot usmepumoti dyxKyuu f(x), onpedenenxod na [a, DO}, 
co 


cytyecmeyem psd > a, (x), Komopolit cxodumca no mepe xa [a, 6] kK f (x), 


n=1 
npuuem lim a, = 0 (cm. (*)). 
Ilyct {¢, (*)} — HopMMpoBaHHbli Oasuc mpoctpanctsa L, [a, 0] u i (x)= 


MOUTH BCIOY KOHeuYHad W3MepHMasd CyHKWMA, OMpeyeseHHan Ha [a, b]. Co- 
co 


ruiacHoO TeopeMe 3 cyulecTByeT pay Ss a,,?, (x), KOTOpbId cxoquTca Kk f (x) moO 


n=1 
Mepe, lIpHuem 


lim az. (2) 
B cusy (2) M B CHy HOpMupoBanHocTH {¢, (x)} MOXxXHO B3ATb Mocweyo- 


BaTeJIbHOCTb {fg} TaKHM OOpa30M, 4TOObI NOYTH Bclowy Ha [a, b] cxo_usca 
pax 


©O 


Dy Sing Pny, (*)+ (3) 


k=1 
B caMoM Jee, Aid STOrO AOcTaTOUHO B3ATb {1M,} TAKUM o6pa30M, 4TOOBI 
foe) 


CXOMMJICA PAT >| | my, |, HOO Tora Gyzem uMeTE 


eal 
Loe) b lo} 
D} Jame |) | emg (| de <(6—a)"09} | any |< 00, 
k=1 a Peesl 
co 
HM, CEQOBATEMBHO, PAN S) | Amy Pig (x) | cxogures nourn Bewry Ha [a, 6]. 
k=1 


* 
B paGore (8) JI. E. Menpuos 
HO MCTOW STUX JOKasaTeMCTB HeMpHM 
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Aall YMPOIeHHble OKAasaTebCTBa TeopeM paOoTEt (?), 
CHHM JIA NOKasaTebCTBa Teopem 4 n 2, 


OGo3HayHM yepes {%,(x)} cHCTeMy, KoTOpad ocraetca mocue BbIKH]{bIBa- 
Axa 43 cucTeMBI (9, (x)} MocneyoBaTembHOcTH {Pm (x)}. 


| Ecam pag (3) cxoqutca nou sexy ua fa, b] kK HeKOTOpOH (byHKIHH 
K(x), TO pay 


nPop (X) (4) 


1 


TMs 


Wyler cxoquTecsa mo Mepe ua [a, 6] kK byxHKuun [i (x) — (x), 4, caeqoBaTen- 
pO, HeKOTOpanH MOANOCMeAOBaTeIbHOCTh YacTHbIX CyMM pajya (4) Gyger cxo- 
Jureca kK f (x) — (x) mourn Betwgy: 


Hes 


Tag (%) = >} AogPoy (x) > f(x) —$(x) mourn Bcwogy. (5) 
k=1 


IIpumenenne uyen JI. te Meubuiopa 3aklouaeTcsa B ae Ilepe- 


(TaBJIAIOTCA UeHbI paya y a.?, (x) H nosydaerca HOBbIli pany! Ay, Py, (x). 
| n=1 h=1 
|B sTOM pxye WeHbI CxOfameroca pafa (3) pacctaBasioTtca JocTraTouHo rycTo 
j10 MopAyKy BospacTaHua HOMepa Mp, a YWIeCHbI pxfa (4) paccTaBJnIoTCA 
IM@KAy HAMM 10 NOpAKy BOSpacTaHMaA HOMepa p,. 

OnvcaHHasd MepecTaHOBka COBepllaeTCa B 3aBHCHMOCTH OT MOCseOBAaTeJIb- 
HOCTH MeTOJOB CyMMMpoBaHHaA T,, 2 =1, 2, ..., H B 3aBHCHMOCTH OT psa 
(4), pH STOM uCnOMb3yeTCa CBOMCTBO (5). 


a 
IIpuH nocrpoenuu mepecTaBJeHHOoroO pxya > Qy, Pv, (X) C HesHayvTeJbHbIMH 

. Et 

U3MeHeCHHAMU MpoxogAT Bee paccyxyenua JI. E. Menpuosa (?). 


VuctutyT mMaTeMaTHKH HM MeXaHHKH Tlocrynuuio 
Akajemun Hayk ApmCCP 21 X 1957 


UWHTHPOBAHHAA JIMATEPATYPA 


1D, Menchoff, Bull. Soc. Math. France, 64, 160 (1936). * 7. E. Meupmos, 
Marem. cOopx., 8 (50), Ne 1, 121 (1940), *%.E.Meunbuos, Yu. aan. MIY, 8. 135, 
Matematuka, 2 (1948). *A. A. Taaaasau, Wss. AH ApmCCP, cep. pu3.-matem. 
Hayk, 10, Ne 1 (1957). 
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Jloxaaynn Akayemun Hayk cccP 
1959. Tom 124, M5 


Cc. B. ABJIOHCKHH 


O HEKOTOPbIX CBOMCTBAX CUETHbIX 3AMKHYTDBIX KJIACCOB U3 P. 
(IIpedcmaeneno axademuxom M. B. Keadosuem 21 X 1958) 


B Hacrostel 3aMeTKe H3Y4aIOTCH CBOHCTBa CUeCTHbIX 3aMKHYTHIX KJIaCCO! 
B Py. Syecb Kaacc Py, onpefesseTcH kak COBOKYINHOCTb ees (pyHKWH 
I (x1, Xg,.., Xn), APFYMCHTHI KOTOPbIX ONpefevieHbI Ha MHOxecTBe E™'={0, 1, ye 
HW Takux, TO f (4, %, wera pnene, Korya a, G B® Se Re F 

Ilyctb #—kaacc cbyHKUMH u3 Py,, 3AMKHYTbIM OTHOCHTeJIbHO oOnepaliHt 
cynepnosuunu (*). : 

Onpegeneune. Cuctema dyHkuMi us Kslacca # Ha3sblBaeTCA 10 THO 
B #, ecuM cyNepno3suunn *PyHKUMi STO CHCTeMbl NMOpoKaloT BeCb KJIAaCC F 

Onpefemeune. Cucteme 
(pyHKUMH U3 Kslacca FP oOpasyer 
Oa3suc Kaacca #, ecu Ona NOM: 
Ha BS? HW HuKakas ee COOCTBEHHAA NOY, 
CHCTeMa He ABJIAe€TCH NOMHOK BS 
9 | 3 | y | 5 | 6 | 7 | 8 | HanomruM psj, pe3ybTaTOB, HMe 


x 


Ta6nuua 1 


IOULHX MeCTO B &-3HaUHbIX JIOrKa? 
(Px). Tak (cM., Hampumep, (?)), Be 
BCAKOM 34MKHYTOM KJIaCce, HMEIOIIeN 
XOTA Obl OHY MosHy!O MomcucTemy 
U3 KaXKOH NOHO MOACHCTeMbI MOK 

| HO BbIfeIHTb Oasuc. Jlanee, xoTa 1 

He H3BeCTHO, HMeeT JIM TpOH3BOJIb 

mtbG |ok | BR On bed label 5... HbI SaMKHYTbIH B Pz, Kslacc & 6a 


3MC, ero BCera MOKHO pacIMpHt! 
JO 3AMKHYTOrO Kwlacca C KOHeUHBbI 
---|  ©as3HcoM, HanpHMep yo P,. Hanuun 
KOHeYHOrO Gasca 3fecb ocobeHH 
Il€CHHO TCM, UTO MbI HM€e€M BO3MOX 
HOCTb (34 HCKJHOUCHHEM TPMBHaJIbHbIX CJIYUaeB) CBECTH H3YUeHHe CUeTHBIX MHC 
2%KeCTB (PyYHKUMH K KOHCYHDIM MHOKeCTBaM. 

Tlogqo6uan npoOvleMaTHKa BO3HHKaeT HM JI 3aMKHYTBIX KWIaccoB B Py 
Ecau & CocTouT 13 KOHTHHYyMa (byHKWui, TO BCAKaa ee nomHaA no_cucTeM: 
COMepxKUT KOHTHHYYM (byHkuni. B sToM cuyyae nOmHad No_cHcTrema «Maso 
OTJIMYaeTCH OT Bcero KJlacca. IlosTomy uHTepecHo O6ceqOBaTb csyuali cuet 
HBIX SAMKHYTBIX KJlaCCOB B Py,. OHaKO WHTEPeCHbIe Pe3yJIbTATbI MO2XKHO OKY 
AaTb [Wis CyYad HE OYCHb KOEMHBIX» CUCTHBIX 3aMKHYTHIX KJIaCCOB, a HMeHHC 
CYHLCCTBEHHO OTJIMYAIOULMXCH OT KOHCYHOSHAYHBIX JIOTHK Pp. C ato west 
B paOoTe MpousBoquTca paccmoTpenne TIPE eNIbHbIX JIOTHK (°). 

O mpeRedeHue. QamKnytoili knacc P, PC Py, Haspiwaerca mpe ewe 
HOW JIOrHKOH, ecm: 1) ® cocrouT u3 cyuerHoro uNcAa (pyHKWHH u 2) &é 
COMePKUT TOMOMOP(pHbIe MpooOpa3p k-sHayHbIx Noruk P, (R= Zea eae 

JlemMa. Cywujecmeyem cuemnoiti 3AMKHYMolU KAQACC, Cocmosimutt us qyHt 


Yui odnoeo NepeMeHHO20, KAaICOAA U3 KOMOPLLX NpUHUMAeM BeCKONeUHOE LUCA 
SHAYCHUL, U He UmeroUtL basuca. 
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Jloxasateapcerso. Iyctp J” — 3aMKHYTbIA Kacc, Nopox,eHHbI PyHK- 
) MiMi fe (x) (k= 0,1,...), 3aqanupimn Ta6a. 1. Jlanuie (PyHKWHH O6sazaroT 
}ByMa cpowcTBaMw: 1) fe(fe(x))=fea(x) mpa k>1 ufo (fo(x))= 
\=fo(*); 2) fe pacnaqaetcs Ha yuku! QM 2*, MpHueM KaxK Abii ceLyIoulMi 


KI (81, Bo,-.-, Bok) Momyuaetca n3 TIPCABINVULErO (0, Og,..., %_) MYTeM YBeJIM™ 
(CHUA UMCeJ COOTBETCTBEHHO Ha 2*, T. e. fx (x + 2”) = f(x) + 24. 


OGosHauum uepes fi, (x) BeIpaenne fx (fx (... fe (x)...)). He mpexbIyWero, 


r pas 
3 “YaCTHOCTH, BbITeKaeT, 4TO es (ie ia = foe Livers. ole 
(= fa. (Te (--+ Fe, (*)---)) — cynepnosunus bynKuuii Fiys-++>fe,« OTMETHM HeKOTO- 


jioble CBOMCTBa (PyHKWHH g (x) 


DY. g(x) = age oy rye 2p = max(Rj,..., kn) W p= Qh +... + 9 hokey 
'B camom jee, 


oky—hy peo P a 


FE (2) = Ba 0 Fg (2) ) = PO PEP (aan) = A =F), 


Orcioya cileqyetT, 4To: 

2°. B cynepnosmunax JaHHoro THta MopayoK ceqoBaHuA (yHKUMit MOxKHO 
PMeCHATS Kak yroqHo. B uacrHocTu, g(X)= fa, (...fe,(%)--), THe ky<-.. 
° eS i, = Ros 


38°. B cay cooTHowenna fii = fry B Upezpiyuelt CyNepno3HiHH MOxKHO 
| MCKJIOWHTb NOBTOPeHHA (yHKUMH WM MoOyYMTb g(x) = fi,(...f1,,(x)---), Tae 
y<...<clm. Tlocnequee Bbipaxenve OyfeM Ha3bIBaTb K AHOHHNUeCKON 
|dopmou g(x), a uncno / = 1,—ee panrom. 

_ 4°. Vi3 dynKuun g(x) nyTem cynepno3snunii MOxKHO nowyuNTb Bce (:pyHK- 
wan fr(x) c R</. B camMom jene, mpuMeHsast K KaHOHMYecKoOl (bopMe (pyHkKLHH 
g(x) cpolicrso 1°, nomyaum g(x) = fi(x), rae o = 2°" + ...42'~'m— uncno 
| HeyeTHOe. 

Tlon6epem uncyio t Tak, uTOOH! to==1 (mod 2‘). TJocmeqHee Bo3MoxKHO, 
Tak Kak o 4 2/ B3aMMHO MpoctTpl. PaccMoTpHM BbIpaxkeHve 


gt (x) = fT (x) = FP t= FFP) = fh). 


Orcioza merko Mosyuarotca Bce PpyHKunu f(x) c R<1. 

5°. Ilycrb £1(*) HW Zo(x) — YHKUMM, ABJIAIONIMeCH CynepnosMitMamMH (pyHK- 
wn cuctempr {[z(x)}. OSosHauum uepes /’ul” pasru KaHOHHYeCKUX (opM CooT-. 
BETCTBEHHO Cynepno3snunit gy (x) MU go(x). Ecum Ll’ >’, To, Tak Kak corsacHo. 
4° v3 g,(x) MOXHO NocTpouTb Bee tbyHKiMn fe(x) C R<U’, W3 gi(x) MoxHO. 
TaK Ke MOCTPOHTb UH (PyHKUHIO g(x). 

Viz 5° wenocpeycTBeHHO BbITeKaeT, UTO #’ He uMeeT Oasuca. 

Vis semi ele He CuleqyeT cCOxpaHeHHe pesyJbTaTa B Oovlee LWHPOKOM 


Kglacce (yHKUHi. 

Teopema 1. Cytecmeyem npederaoHan Aoeuka F, He codeporaujan 
6asuca. 

Jloka3aTeabcTBo. PaccMoTpHM 3aMKHYTHIH Kslacc J", NopoxkeHHbIl 
cbynkuuamu fp (x,y) (Rk = 1, 2,...) (cM. Ta6s. 2a). OuepuyqHo, uTo J” aABMAeTCA 
IpelesbHO JIOTMKOH, B KOTOpOH kak jas (pYHKUMA MpHHUMaeT KOHEUHOe YHCIO 
3nayenuit. Ilycrb s — 3aMKHYTbIM Kwacc, MOpoxKLeHHBI PYHKIMAMH H3 KJaCCOB 
g (cm. npesbilyuyio semmy) u J”. Kaace # Kak cueTHOe pacilMpenne mpe- 
jeJbHOH JIOrMKH J” ABMAeCTCA MPCeJIbHOH JIOMKOH. Iloxaxem, 4T0 B & He 
cymectpyet Oasuca. JlomycTHM IIpoTHBHOe. Toryla B F MOXKHO BHICIMTE Oasuc, 
M3 KOTOPOrO JlerKO MOCTPOHTb MOJMHOKECTBO (pyHKUMH, nopoxkjaroulee J” xv 
Takoe, YTO Ju0G0e ero MOJMHOXAKECTBO STHM CBOHCTBOM He o6nanaer. Tlo- 
CKOJIbKy BCAKaA cymeprosuiuA PyHKUnH H3 KJIACCOB F* UM SF", copeprKawyan Mo 
Kpaiineii mepe ofHy (pyHKuMIO M3 Kulacca J”, PHHHMaeT KOHeEUHOe UCC 3Ha- 
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yenuli H MocKoubKy Kulacc J’ cocTOuT ¥3 (PyHKIMH, MpHHUMarOUlUXx ec : 
Hoe YHCIO BHAYeHHM, TO YHOMAHYyTOe MOAMHOXKeCTBO MPMHaAeKUT KNAaCcy 


a f THBOPedHT JICMMe. 
tum caMbIM HaligqeH Oa3ue Daa J, ITO pO Pp Ta Ol Ate 


Pee OMe |i bas i nei | 4 fo k tif. 
0 }! 2 rs Queries 2s Om Aa ‘ o| k [eel 
ee ee Omnlarat ue i [2/2 jo | & favsfe 
Pikes ms |... _ Shs sie 
afaslolol.. 0 | k 6 |e] 0 0 0 & |e 
| 
k |k phe |e | ‘| ken | eee k & | 
| 
ati | ae k |e k | k+1 sles ballets] ad 
| 


Teopema 2. Cywwecmeyem npedeavnan aceuka FP, umewwuaa O6asuc, 
@ KOMopoli He us 6CAKOLL NOAHOLL CucmMembL MODIKHO BbideAUMb OasUc. j 

Jloka3aTesabcTBO. PaccMOTpHM 3aMKHYTHIH KJIaCcC, MOPOKACHHbIK CH= 
cTemoH dbynHKuult {fp (x, y)} (cm. Ta6m. 26). Saecb 


pe(x,y) O<*,ySk—1, 
fe (x, y) aa 
max(x,y) 8B OCTa@JIbHbIX CJlyaaAx, 


Pe Ge (xX, y) = max(x, y) +1 (mod k) —qyxuxuna Be66a (*). Ouepuguo, To 
SF —pefesbHad Ornka. 

JJaee scHo, uTO cucTema {f,(x, y)} MomHa B SF MU HE CojepxUT Oa3zuca, 

Tak Kak Kayan (byHKuua fp (x, y) MOpomwkaeT Bce PYHKUMH fm (x,y) CmM<R. 

TlokaxeM Temepb, ¥TO 

Ta6auna3 8B § cymecrByer 6a3Uuc. 

PaccMoTpyMcuctTemy (PpyHK= 

mut {max (X,Y), Zo (x), 


i ie 2) a (GMO ee 


OuepuyHo, 4TO gy (x), 
g,(x) |k — 4 | 2 0 | k jen max (x, y)E &. Bpipa3uM 
cbynKumio fz (x, y) (R= 1, 
ne ) 9 || 0 | k er sa’ 2,...) Yepes yHKIwH WaH- 


HOH CHCTeMbl B BHJe cy- 


nepnosuynuu. Jia storo 
3aMeTHM, TO te(%) MOMKHO BbIPasHTb Yepes g, (a )ie(r-—=82qccy lk), rake eee 


TepecTaHOBKY  MOXxKHO pa3JIOKUTb B MpPOH3BeeHHe LHKIOB, a HMeHHO 
te (%) = Se (Ger (... Bo (x)...)). Torna te (max (x, y)) = fz (x, y). 
CueqoBatesbHO, aHHas cucrema noma B &. Kpome Toro, 
CHCTEMbI HesaBHMCuMbI. B camMom jese, max (x,y) Kak (PYHKWMA OT AByx Mepe- 
MCHHBIX He BbIpaxkaeTCA Yepe3s go, Ys,... Hesapncumoctp Se (xX) oF yHKynii 
max (x, y), S20-++) Seay PQe1y,-.. BbITeKACT H3 Toro (pakTa, 4TO BCe dyHKIHH 


MAX (X,Y), Zaye) Zea, Se 
+) Zee +1)++» COXpaHAIOT 3HayeHHe k— 1, a He coxpa- 
HAeCT 3HayeHua k — 1, pia ‘ 
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(pyHKUMN STO 


Teopema 3. Beaxui cuemnoui samxnymoui Kaacc P gynkyut uz Py, 
HeHO paculupume 00 samKHymoeo Kaacca Q us Py,, nopootdennozo odnott 
Kyuel. 

i) Toxasateapcerso. Ilycth # = {f;}, rage byuKuua f; = fi (Siageees ren 
(WeM xXg==Xir MpH j=er. PaccMoTpHM <«meaHoBcKyto» (byHKUMIO —(x}, x2), 


lenenseMyio TaOw. 4. OueBugHo, TO (PPyHKWHA 9(X4, Xo,..., Xn), Pye o=— 
P(X1, (Xo, 9(.--P(Xn-1, %n)-..))) IPHHHMaeT BCe HaTypaJIbHbIe 3HaueHHA, 
WeM Ha pasHbIX HaOopax {04, H,..., On} H {B1, Bo,..-, Bn} 3HAYeCHHA (byHKILHH 
A3JIMUHBI. 


) ConoctaBuM Kaxjou dpynKunu f; u3 P myHKuulo >;, 3aBUcaALyto OT OLHOrO 
yemeHHoro. [lyctb (0) = 0 uh (a) = Fz (a,..-, %e,), THE 0 H {o%y,...04,} 
HOBO, UTO P(%,.-., %%,) = %. TakuM o6pa3oM,  ABJIAeTCH eMHCTBCHHbIM 
jueHHeM (pyHKIMOHaJIbHOrO ypabHeHna ; (9 (%1,---5 Xp;)) = fi (1,90, Xp,) B KsIacce 
akuni  TakHx, uTo (0)=0. TlocuenHee mo3- 

sife€T BOCCTaHaBJIMBaTb (pyHKIMIo f; No yHKUnAM Ta6Oauna 4 
U ¢. 


{ OnpewemuM PyHKUHIO g(x, Y,2Z) C MOMOLIbIO CcO- 

HOWIeHHH tr ne 1.9 1 | 2}... 
a, hd, Soe el a aa eT 
g(x, x,x +1) =0, 0 [2 Blas 
g(x,y, 0) = 9(%, y), (ae 
g(x,i+ 2,1) = (x) SE Oe - 
(%, 0,2) — 0 B OCTAJIbHbIX CJIYdasix. 1 | a9 

Ilyctb Q — 3aMKHYTHIM KIacc, MOpOxKeHHbIM PyHK- 9 6 

et g(x, y, z). Noxaxem, uTo # C Q. Bcamom Zeue, 

ye ee) Me oy, yk ot) 0 OTcna Fy et 

JIY4HM BC€ KOHCTAHTHI. C MOMOLUbIO KOHCTaHT Haxo- es |. bee loos 


M dyaKuan g(x, y,0) = 9(x,y) 4 g(x,i+2, 1) = 
d:(x) (i =1,2,...).° UW, Hakone, mouwyyaem “us 
uo dyHKuuio f; (i = 1,2,...). 
3aMeTUM, UTO JOKA3aTeJICTBO TEO PeMbI ONMpaJOcb Ha onpeyeseHue PYHKUAH 

(x, y, 2), KOTOpoe ObecNeyHBasIO BOSMOXHOCTh NOCTpoeHHA yHkunh Yb; Ho 
cmeqopaTesbHo, ‘fz, a TakxKe HamMune cpeycTB ((pyHKuun x + | HW KOHCTaHT), 
MOMOMIbIO KOTOPBIX cTposTca cyHkunn b; uy. Kak sameran O. B. Jlyma-" 

B, C HOMOCHBIMH CBOHCTBAMH MOXHO MOCTPOHTb (PyHKIMIO OT TByX Me€peMeH- 

IX, WM T@M C@MbIM MOKHO HECKOJIbKO YTOYHHTh CopMyJIMpoBKy TeOpeMbI, 

BepKlat, YTO Klacc Q mopox eH yHKMHeH, 3aBucamel oT JByx Mepe- 

HHBIX. 

Cuexetsue. Beskuit 3aMKHyTHIi Klacc & (byHKMMH u3 Py,, CocToAMMi 
. cueTHOro UHCsa (PyYHKUMH, MO2%KHO paClUMpHTb oO IIpeAeJIbHOH JIOTHKH, M0- 
KICHHOH OHO CbyHKWHel. 

Ta joKazaTeJIbCTBa CJIeCTBUA HY2XHO MHO?KECTBO (PyHKIWH H3 Kslacca SP 
IIPOM3BOJIbHOM, HO (bHKCHpOBaHHOM MpeebHOK JIOrHKU SF PacwMpuHTb Mo 
eTHOrO 3aMKHyTOrO Kulacca J” HK HeEMY MPHMeHHTb IIpebIyuLy!o Teopemy. 

B 3axmroueHHe OTMeTHM, ITO TeopeMa 3 O3HadaeT, TO BCAKHH CUeTHBIL 
IMKHYTHIM KIacc (ake CCH OH He HMeeT 6a3Hca) MO%KHO BJIOKUTb B 3aMK- 
JTbIi KuIacc C KOHeUHbIM Oa3HCoM. 

Tloctynus0 


Marematuyeckuit, uHcTHTyT uM. B, A. CreksIoBa 
Axayzemun nayk CCCP 16 X-1958 
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B. A. AKYBOBHY 


YCJIOBHA KOJIEBATEJIBHOCTH H HEKOJIEBATEJIBHOCTH 
JIA JIMHEMHbIX KAHOHHYECKHX CHCTEM 
JM®®EPEHIMAJIDHbIX YPABHEHHH 


(IIpedcmaenexo axademuxom B. H. Cuupxoseim 22 IX 1958) 


1°. PaccmoTpHM cucTeMy | 
& = JH (t)x, (t 


o a 8 e) * 3. Sy J a 0 I, 
rye x — 2k-mepubiit BekTop; H (t) = Be yp Pe CU Tey oe 1, 0 
R; 


|, —euHuuHad MaTpuua nopsiKka k; H(t) = H (t)*—semectsennan 2k x ¢ 
CHMMeTpHuecKkad MaTpHila-pyHKunA, O<t < oo. Q 

Bee KosdpultueHTb! AndibepenwHabHBIX ypaBHeHHA OyyeM mpeynoviarar! 
He OroBapuBax 8TOrO OcO6O, BeLeCTBeEHHBIMH (YHKIKMAMH, MHTerpHpyeMbIMy fF 
Jle6ery Ha 060M KOHEYHOM HHTepBaiie. 

CucTeMa BeKTOPOB Xj,..., Xp Ha3bIBAeTCA HSOTPONHON, ecum (Jx;, Xn) = & 
j,i =1,...,&. aa mo6pix pewennit x, (t), x2 (¢) ypaBHenna (1) (Jx1,x%2) = cons 
MOSTOMY [IH TOrO, YTOObI NOJYYHTb H38OTPONHY!O IA mOOoro tf cHCTeMy Be! 
TOPOB-PellieHHH, JOCTaTOUHO B3ATb B KauyeCTBE HauaJIbHbIX 3HayYeHHH JOOy) 
H3O0TPONHYIO CHCTEMY BeKTOPOB. 

Ilyctb x1, ..., Xe — NPOH3BOJIbHad (pPHKCHpOBaHHad H30TPOMHaA CHCTeMa Bé 
I{€CTBEHHBIX JIMHCHHO H€3aBHCHMBIX BEKTOPOB-peleHHH. O6o3HauEM || X1,..., Xp [|= 


=v ( on) kX 2R-Marpully CoO CTouJOWaMH xX,...,X2; U nu V—xesaypatubi 


k x R-matpuubl. MoxHo foKxa3saTb, uto det [U (¢) — iV (t)] 0. | 

Bynem o60o3vayaTb, B COOTBeETCTBHH ¢ pa6oroii (1), X (¢) — MaTpullaHT ypaB 
HeHua (1) 4 Arg X (t) — onpeyenenuyio 10 HenlpeppIBHOcTH (byHKI{HIo * Arg X (t)= 
= Arg det [U (t) — iV ()]. 

OHO V3 BOSMOXKHBIX OnpeseseHHit KOJIeGaTebHOCTH ypaBHenua (1) cue 
Aylouyee (Apyrue cM, B (*)): ypaBHeHue (1) HasbIBaeTCA KOTeOaTeJbHBIM 
ecm Arg X (t) — Heorpanwuennast, H HEKOTeOaTe AbHbIM, ecau Arg X (t)- 
orpaduenHad cbyHkunsa ¢ mpu tf —> oo. [lia ckaJiapHoro ypaBHeHus 7 + ¢9(t) 1 | 
STO OMpeeseHHe MepexoquT B OOKIUHOe. Llenecoo6pasHocTb Takoro O6o06uLeHH: 
NOHATHA KONeGAaTeIbHOCTH M HeKoJIeOaTesbHOCTH Ha cucTembI (1) cmegqyeT H 
pala paOor MO BapHallMOHHOMY MCUHCJIeHMIO M CMeKTpaJibHoMy aHamusy (Ha 
mpumep (2-5) wu yp.). | 

NPeHeJICHHBIe BbILe MaTpHib! U u V. yqopnerBopstoT ycJiopuam: 1) U*V= 
=V"'U; 2) usUz=Vz=0 caenyet z = 0. Myctp U(t), V (t)—npon3BoJtpHbl 
aOCOJIOTHO HEMPepbIBHbIe BelILeCTBEHHbIe MaTPHUbI-CPYHKIMH, YOBJIETBOPAIOULL 


OT0 COOTBETCTBYCT CJleAYIOULeMy ONpeeeHHIO apryMeHTa CHMMeKTHYeCKOlt MaTpHi 
X (cm. (1), onpegesienue 1). Nycrs U (0) = A, V(0)=B, X — npousponbuaa 2k X 2k cut 
JeKTHYeCKax MaTpHila, (oH) == X ) . Torga Arg X = Arg det (M — iN), 
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| M ycJloBHsimM. O6osHauum R(t) = U'U + V°V, G(t) = mes — ie Torya 
a R(t) > 0 *, G(t) = Git), det [U (¢) —iV (t)] 40 u 


k 
< Arg deth{U (t) — iV (t)] = >}, (2), 
j=1 


> hy... a — KOpHH ypaBHenna det [G(t) — XR (t)] = 0. 

B uauem cayyae G(t) = Ue + U*BV + V"BU + V*xV. = O6o3HauuM 
WL)< -++ Aye (t) coOcTBeHHbIe 3HayeHua MaTpuust H(t). TIpu (pHKCHpOBaH- 
im ¢ umeem infh; = hj, supdj = Aj+e,raeinf u sup Sepytca mo Bcem MaTpH- 
bs U,V, yYAoBneTBOpAIONIuM yCJOBHAM 1), 2). Orctoma cuenyer onenKa 

Al 


\ wae tp 
| \ S\ hj (t) dt < Arg X (t) — Arg X(0)< \ 5! Aize (t) dt. 
i f 0 


0 j=1 


ipesul 


Teopema 1. YSpaenenue (1) sennemca Konebamenonoim, ecau 


tip 
jim 5) y(t) dt = co wau ecau lim \ >) Hite (t)dt = — co, u neKoneba- 
0 j=1 t+0o 9 jay 


tare is 
Weronolm, ecau o6e gynrkyuu \> h; (t) dt, Neu hjte(t)dt oepanuseno npu 
0 oj 


ie=il ==il 


~ 


Pa OD}. 

IIpeqnojiokuM, YTO B ypaBHenHHH (1) H = dH2(t) + (1 —d) A, (t). Torga 
jiarpuuanT X(t, A) u mo6oe pellieHve Cc HauaJIbHbIM 3HaveHHeM, He 3aBHCALILHM 
Ar i, a cueqoBatembHo, u Arg X(t,4) GynyT MpH smMO6OM dukcupoBaHHom ft 
{ esIbIMM (PYHKUMAMH 2. 
meet mecto bopmyyia 


tek 
a : 
A te (tg N) er uj (t, d) de, 


0 j=1 


§-ye »;— KopHu ypaBHenua det [G,—pR] =0, R= UV +VU =I (x, xn) Iino 
= | (5 *n Xn) es . Hlostomy, ecu Les 0, To soe Arg X (t, 4) > 0. 

Orciogqa nosy4uM cueqylollyio TeopeMy cpaBHeHHA: 
| Teopema 2. [Tpednoaoscum, umo OaxHel 06a Ypaenenusn (1) nozostumeso- 
ozo muna ** c mampuyamu H,(t) u H2(t) u noamu ecwody Hy(t)<H2(t). 
Ecau ypaexenue c mampuyet H,(t) Kore6amenoxo, mo 6ydem KorzebameroHolm 
u ypaeHenue c mampuyett Hy(t). Ecau ypaexexue c mampuyed H,(t) HeKkose- 
‘6ameaono, mo 6ydem HeKonrebamenbHblm u ypaeneHue c mampuyet Hy (Ct). 

V3 Teopempl 2 cueyytor: 

Teopema 3. Ecau 6 ypaenenuu (1), Hauunaa c Hexomopoeo t, >0, 
noumu ecrody a<0, y>0 (usu a>0, y<0), mo ypaenenue (1) neKoreba- 
meAbHO. 

Teopema 4. Ilycmo 6 ypaexenuu (1), NauuHaa c HeKomopoeo ty >0, 
nounu ecrody Keadpamuueckan qopma (x (t)z,2) He mennem 3HaKa. JA moeo 
umobot ypaeHeHue (1) Ooo HexkonebamedbHelo, HeoOxodumo WU OoCmMamo4Ho, 
umobbl Hailaace cucmema k usomponnelx eewecmeeHnolx aOcolomHo Henpe- 


SN et 


* Jlna cuMMeTpwyecKoH MaTpuubl RK ycJioBHe R>0 osnayaet (Re, c)>0 mpu c=40; 
R1> Re osnayaet, uTO (Ric, Cc) >(Ree, Cc). 

** Tlaia ypaBHeHHA MOJIO%KHTeTbHOrO THHa (1) CyMleCTBYeT MOHOTOHHO BospacTalomlaa (by HK- 
uua Y(t) 4nca0 c >0 tTaKue, yTO | Arg X (t) — ¢ (#) | <c npu too, Ilostomy kone6atevib- 
HOCTb YpaBHeHHA MoOJIO%KUTebHOrTO THMa O3HayaeT, TO Arg X (t)—>co mpu t—> oo. Ecau 
a>0, Spa>0 am y>0, Spy> 0, To ypaBHeHne (1) aBIAeTCA ypaBHeHHeM MOJIOXKUTEJIb- 
Horo Tuma (1). 
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poleHolx eekmop-@ynkyutl || x,|...| Xe || = @ ) , detU (t)=40 npu t>t, 
Kux, umobol Cummempuueckan k < k-MaTpulla 


k 
ve 


a tomf(o2t + Hn) 


/ 


bona npu t>ty nowmu ecrody Neompuyamerona, ecau y%<0, uU Henoro 
menbHa, ecau y > 0. 
2°. CkasispHoe ypaBHeHHe 


Rk 
Dd (—1) (9; (t) We = 0, g(t) > 0, 


~ 
I 
° 


cBoguTca (') K BeKTOpHOMY ypaBHeHHto (1), fa KOTOporo % — [arOHaJIbHal 
MaTpHita \C MMaPOHAJIbHBIMH SJIEMeHTaMH — ¢1,..., — ;_'¥ — AWarOHaJIbHal 


— 
MaTpHlla C JMaroHaJIbHbIMH 3JleMeHTamH O,...,0, o> ; ®—2«OpaHoB snlH 
OTBeUaIOIMH HyJIeBOMy COOcTBeHHOMy 3Ha¥veHuto. M3 Teopempl 2 caeqyer: | 


Teopema 5. Ipednonoseum, umo Oaner Oea ypasHenun (2) c Koad i 
yuenmamu of? (t) u op! (f) u, NauuKaA c HeKomopozo ty >>0, noumu ectod 
of (t) > of (t). Ecau ypaenenue c Koappuyuermamu of (t) Kozebamenone 


(c Koagquyuenmamu of) (t) HekoleOameAbHo), MOU YpaeHenue Cc Koaquyueny) 
(1) 


manu o® (t) Konze6amerono (c Koagbqbuyuenmamu gj} (t) HexoneOameroHo). 

Jlna k = 1 aTa Teopema XOpowio Hu3BecTHa. Jian k=2 u cuyyan HeKose- 
OaTebHOCTH OHA JOKasaHa paHee JI. JI. HukosenKo (°). B o6urem curyyae 
OHa MOXeET OLITh Take BbIBeeHa H3_pe3syubTaTOB padote! MH. M. Paasmana ©) 
Mu padortnt (+). 

H{3 Teopempt 3 usu 5 cegyer: ecau 6ce oy (t)>0, j=1,...,2, mo ypae-| 
Henue (2) HeKonreOamerbHo. 

CpaBHeHvemM c ypaBHeHHem Dinepa ¢; (t) = ajf?/, KOTOpoe KOJIeOaTeJIbHO: 
Mp OMHUX 3HaveHHAX HapaMeTpoB HW HeKOJeOaTebHO MPH UPyrux, nowyuumM 
M3 TeopeMbl 3 JOCTaTOUHbIe yCOBHA KOWeCaTeIbHOCTH 1 HeKOJIeOaTe IbHOCTH 
ypaBHenua (2), nomyueHupie panee MW. M. Tna3manom (*). Opu srom cue- 
AyeT  BOCHO/L38OBaTbCA SKBHBAJICHTHOCTbIO onpesemennii KomeOaTenbHocTH 
MW. M. [na3maza u yannoro 3yecp (cm. (+)). 

3°. BektopHoe ypapuenue 


Ly=[R() S) 4 Py =0, (3) 


re yY—k-mepublii Bextop; R(t) = R (t)" > 0, P(t) = P(t)* — pemectBexnpie 
k X k-MaTpHubl-byHKun ut MaTpuubt P(t), R(t) HHTerpHpyeMbI Ha 060M 


% d x 
MOHCMHOM HTepBasle, SaMeHolH x,=y, x,—=—R -_ ee ‘ be } CBOJUTCA 
2 
K ypaBHenuio (1). 


H13 teopempt 4 nosyuy: 


Teopema 6. Jun moeo umobor ypasHenue (3) 66120 nekonrebamearonoLm, 
HeoOxodumo U Oocmamo4Ho, umMobwL cytyecméoeano R abcoarmuHo Henpepolenv1x 


ee cs BEKMOP-DYHKYUL Yy,..., Ye, makux umo: 1) BEKMOP-PYNKUUUL. 
OF) , dy; dy}, : 

R ai adcontomno HenpepoleHol, 2) (Pe aes i a tlesipondadinc late 

3) noumu eciody, Raven C HeKoMopoz2o ty) >0, cummempuyeckan k x b- 

mampuya || (Lyj, yn) |lpr— HENONOICUMEAGHA. 


CKaJIAPHOM Cury4ae k = 1 sta Teopema cosna aeT i 
5 ¢ Teopemoli B. A. = 
Aparbesa (7), ; ‘ : ay 


996 


V3 teopemp! 1 MoxHO BbIBeCTH Cueqyroulve TpH3HakH KOWeG6aTebHOCTH HU 
comeOaTeJIbHOCTH: 


Teopema 7, Hycme 6 ypaéeHenuu (3) noumu ecrody WP (AI - | ROIS< 


const. Ecau \SpR (t) *dt <0o0, mo ypaexenue (3) nexonebamerono. Ecau 
0 


SpP(t)dt seasemen dynkyueti, neoepanurennoti céepxy, mo ypaeHenue (3) 


AebameAono. 
| Teopema 8. Ilycmo 6 ypasnenuu (3) noumu ecrody P(t) > 0, tee) Ga eae 


| R(t) || < const. Ecau \ SpP(t)dt< ce, mo ypasnenue (3) nekoaeba- 
| 0 


eAoHo. Ecau \ SpR (td = co, mo ypaeHenue (3) KoseOamearono. 


0 
_Caenctsue. Iycme 6 ypasneruu (3) noumu ecrwdy P(t) >0, R(t) >0, 
i (¢) |] - || R(4) || <const, det P (¢)-det R(t) >c>0. Jaa mozo umobu ypae- 
2Hue (3) Obtaz0 HeKoneOamerbHo, HeobxoduUmMO u Oocmamo4Ho, 4mobol 


(oe) 


fop P(t) dt < co ( ww umo6er \ SpR(t)1dt < oo), 
0 


li3 Teopembl cpaBHeHia 2 nowyyuHM cyieqylollee O6O6mleHHe MpH3HaKa Kue- 
spa: ypaenenue d*y / dt? + P(t)y=0 nexonebamerono, eCAu, HaUUHAaA C He- 
omopozo ty >0, nowmu ecrody t?P (t)<4/4le, U KoneOamerbHo, ecau npUu 
>to ONA HeKomOopolt nocmosnHoti CummempuuecKolt mampuyol C no4umu 
cr00y t?P (t) > Cu xoma 601 0ONO CobOcméeeHNoOe SRAUeHUe Mamputiol Cd; >1/4*. 

AHaJIOrHdHbIM O6pa30M, UCONb3yi TeopeMy cCpaBHeHHA, 060 mpH3Hak 
ONeOaTeJIbHOCTH HJM HeKOJeOaTebHOCTH JIA CKaJIApHOrO ypaBHeHHs (3) 
OXKHO MepeHeCTH Ha BeKTOPHbIe ypaBHeHHs (3). 


HayuHo-uccleqopaTebCKHH HHCTHTYT MaTeMaTHKH HW MeXaHHKH Tocrynusto 
JleHHurpagycKoro rocyapcTBeHHOrO yHMBepcuTera 15 1X 1958 
um. A. A. /KgaHosa 
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oot U. M. [nazmana (4, *) uw P. Llrepx6epra (2) aa Kome6aTeIbHOCTH B cmbIcue P, [ltrepx- 
. . 1 a A K 

pra (2) u 3aTeM, BOCTIOJIb30BaBIUMCh pesyJbTaTaMn pa6otb! (1),— AIt KOvleOaTeJbHOCTH BO 


3eJIEHHOM 3][@Cb CMBICJIC. 
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Jloxnagn Akayemun nwayk CCCP f 
1959. Tom 124, Ne 5 | 


M. HW. FYPEBHU 


O HEYCTOMYMBOCTH HEKOTOPbIX CTPYHHbIX TEYEHHH | 
CO CBOBOJHbIMH MOBEPXHOCTAMH 


(IIpedcmaeaeno axademuxom JI. H. Cedoeoim 10 XI 1958) 


@Moxce u Moprau (') ucceqoBasIH YCTOHYHBOCTb HECKOJIBKHX KJIACCHUCCKE 
CTpyHHBIX TeYeCHHH, HCXOAA U3 MpeANOCbWIKH, 4YTO CBOOOHBIE MOBEPX HOC} 
XKUAKOCTH TpaHHyaT C OOaCTAMU, 3aHATHIMH NycToToH. Takoro pofla cxeN 
XOpolIo MOMeIHpyeT PAD Cbu3nyeCcKHX TeYeHHH, B YACTHOCTH KaBHTallHOHHH 
TeyeHHA. Cunrad H3BeCTHbIM OCHOBHOe, yCTaHOBHBUeecA TeyeHHe, Doxc u Moj 


raH MpeACTaBJIAJIH KOMIVICKCHbIM MOTeCHWHal BO3MYULCHHOrO TeCYCHHA W B BU) 
w= Grew + Gee™, 


re G; u Gy ABAAMCb (YHKUMAMH KOMMVICKCHOM CKOpOCTH yCTaHOBMBLero 
TeyeHHaA. Bo3MylleHHA CUMTAaIMCb MaJIbIMH H YWICHbI C BBICIIHMH CTeneHAM 
9TUX BOSMYLILeHUH B paOore (1) BcloLy oTOpacbIBasucb. Moke un Moprau Ha3biBas 
BO3MYILCHHA HEYCTOHUMBBIMH WJM YCTOMUMBbIMH, CCIM COOTBeETCTBeEHHO Red> 


win Rex<0. Bosmymenua, 210 KoTopbix Re A= 0, aBroppi (7) Ha3biBalu He! 
: 
TPaJIbHbIMH. | 


Puc. 4 


Hwxe, ocTaBilsid B CTOpOHe BOMpOc, B KaKoli Mepe HeHTPpaJIbHbI€ BOSMYLIKK 
HUA MOryT CUNTATbCA YCTOHYMBbIMH B OOBIYHOM CMBICJIe CIOBa, Mbl MOKaxKeM H 
MpOCTOM IIpHMepe, 4TO HeliTpadibHad ycTou4MBOCTh MoTeHILMaAa cKopoctelt E 
OOA38aTeIbHO BuIeYeT 3a COOOTi HeEHTPaJIbHY!O YCTOHUMBOCTb CBOOOAHOTi MlOBep? 
HOCTH. 

Paccmorpum Saladty © MJIOCKOM MOTOKe KOHeYHOH ray6nHbl A HeBecoMo 
HACaIbHOH HECKHMACMOM XKUAKOCTH NJOTHOCTH p (puc. 1). CkopocTb HeBo3sMy 
MeHHOro TeveHHA NapasiieswbHa DHy A,B,. Hay cao6onnoli MOBepxHocTbIo A. 
AaBIeEHHe Py MocTOAHHO. IInoTHOCTb cpeAbI Hak cBo6ogHoli MOBePXHOCTHD! 
paBHa Hyvio. 


MIpegcrapuM morentas cKopocteit © HeyCTaHOBMBIerocaA TeYeHHA B BHI 
$= ox + vRe[C chk (y]-+ h) e##*], (1 


Syecb Mpefnonaraerca, uto C ects (PYHKUHA Bpemeuu ¢. 


ca AaJIbHeEHLUeM B (bopmy1ax, Cofep2kKallluX HOTeHUMaJ ckopocTeH WJM BO! 
pen BO3MYILeCHHOH cBoOo,HOt MNOBEPXHOCTH %, Mbl 6yyem BCIONYy, Ad 
KPaTKOCTH, OMycKaTb 3HaK ACHCTBUTCJIbHOH BeJIMUHHBI Re. 
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Jlerko BHJeTb, YTO noTeHIMau ¢, OMpeeJeHHbIM C nomMonbO (1), yZoBuJe- 
OpxeT ypaBHenHio JIansaca, npwuem Ha JHE . 


Cea 


Buinumem wHTerpas JlarpamxKa 2 cBo6o,Holi MOBepXHOCTH, Ha KOTOpOH 
TaBJIeHHe p = Po NOCTOAHHO: 


PE CPs) | (2a mee | 
| ot art al (Ge) + (3p) =F O- 2 
I Tlogctapisa B (2) sHayeHHs mpowsBoHbIx ¢ u3 (1) HM npeHeOperaa ueHaMn, 


|oqepxamumMu C*, HaxoquM, OOpalliad BHHMaHHe Ha TO, 4TO MpaBasA yacTb (2) 
i(€ 3aBVCHT OT KOOPpAuHAT, ycnOBNe Ha cBOOOHOI MOBepXHOCTH 


) uC chk (y + A) e* + Cikv® chk (y + h)e* =0, 


Ce 


‘me C o3HauaeT nponsBoyHyio0 C no Bpemenn ¢t. Orca 


C+ ikvC = 0. (3) 
Vuterpupys (3), HaxoquM 

Oma OF had (4) 
éH13 (4) cnenyeT, uTO NOTeHUMaJ CKOpocTeli © HeliTpasIbHO ycTOMUMB B CMbICIe 
0Moxca u Mopraua. 
|  Bomumem ycsopve Toro, 4TO *AKHAKHeE YaCTHIbI He NOKUJaloT cBOOOLHOI 
(MOBepxHocTH y = 7(t, x), MpeHeOperad Np STOM MaJIbIMM BeJIMUMHaMH BbICUIero 
mopsyka: 


On on [90 \ 
a +o ge = (ae Jie (5) 
V3 (1) Haxogun: 
($2) = Ckesh bhelts = Coe Hk sh hhe't®, (6) 
OY } y= 


IIpezctapsina Tenepb 7 B BHuze M (t)e**, nosyuaem us (5) u (6) Audpepex- 
UHaJIbHoe ypaBHeHve Jia onpenesenua M: 


a M +tikoM = Cok sh khe-i**. (7) 


O6ulee pellenne (7) uMeeT BHI 
M = Met + Cokt sh khe—**, (8) 


Orciola BuAHO, 4To tbyHKuuA y(t, x) COMepxKHT BeKOBBbIe, WieHbI H CBOOOHAA 
MOBEPXHOCTb HeycToHuMBa. , 

MoxHo Tak>Ke IpHBeCTH MpHMepbl, Koryja H NOTeHMMas CKOpocTeH H BO3- 
BbILUeHHe CBOOOAHOM MOBepXHOCTH OJHOBpeMeHHO HeHTpaJIbHO YCTOMUHBEI. 
PaccmMoTpuM JIA MpocTOTb! MOTOK GOecKOHeyHOH uIyOHHbI C rOpH3OHTaJIbHOu 
cBOOOHO MoBepxHocTbio H OyjJeM, B OTJIMYMe OT Mpefbl{yulero UpHMepa, 
YUNTBIBATbh KanhApHble cub. Hay MoToKom mpocTpaHcTBo OyjeM nMo-npexk- 
HeMY CUHTAaTb 6eSBO3LYIWHBIM. Ita 3afata ABJACTCH YACTHBIM CJTy4aeM XOpoOLllo 
U3BeCTHO 3ayauH 06 ycTOMUMBOCTU JIMHMM pa3yesa WByxX cpefl C pa3JIMYHbIMH 
nnotHoctamu ((2), § 61, 3afaua 3). Syecb s3ajaya OyeT pellieHa 3aHOBO 
B TaKoli tbopMe, KOTOpaH MO3BOJMT HarsAQHO MPOACMOHCTPHPOBaTb CKa3saH- 
HOe BbIILUe. 

PasHOCTh M@EKY [aBJIeHHeM Po B Oe3sBO3{yIUHOM MpocTpaHcTBe Ha CBO- 
6OHOM MOBepXHOCTbIO MV MpefeJbHbIM AaBJIeHHeM P Ha cBoOOoJHOH moBepx- 
HOCTH Mp mopxoge K Heli CHU3Y C TOUHOCTbIO AO MaJBIX BeJIMYMH BBICIIMX 
NOPAKOB paBHa : 

Dee he 9) 
Po pa? Ox” ( 
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rye & — KoaxpPHlMeHT MOBepXHOCTHOrO HaTAKeHHA (7), § 61): YpaBHenue 
yMeeT MeCTO HO-IpexKHeMy, OHaKO p y2Ke He ABJACTCA MOCTOAHHOM BeJIMG) 


Holl, a ONpesleinetca u3 ypaBHeHHa (9). 
[IpeacTraBuM 9 M 7 B BHJe: 


p= vx + Cvetvelex, 4 = Me'**. (1| 
Tlompsysicb (2), (5) u (9), HaxouM 
M + ikuoM = kvC, a) 


C + ikoC +S M = 0. 

Mcxsouaa u3 (11) uw (12) C, nomysaem 
Mt + 2ikoM — 0M += M = 0, (13 

OTKya XapakTepucTuyeckoe ypaBHeHve OyfleT UMeTb BUI 


is (14) 


x + Qiku hk — k?v? + = 


Peilad 9TO ypaBHeHve, HaxOJHM 
3 
h=—ikotif &, (1 


Tak kak R>>0 (Bo3gMyLeHHA NOTeHWHasla CKOPOCTeH JOJIKHbI CTPCMHTbCA K 
HYJUO Mp y—>—oo), TO A MpHHHMaeT YHCTO MHHMBIe H Pa3sJIMYHbIe 3HAYeHHA, OT- 
Kya culelyeT, UTO BOSMyleHHe 7 OyeT HeliTpasbHO ycTounBpm. M3 (11) BuqHo, 
YTO BO3MYLCHHe MOTeHWMala CKOPOCTeH pH 39TOM TakxKe OyjeT HeliTpaJIbHO 
yCTOHUHBBIM. 

Korya CHJIbI KalHJJIAPHOCTH OTCYTCTBYIOT, T. e. ¢ = 0, KOpHH A Jematorca 
PaBHbIMH HW B BbIpaxeHnH Wid M nosxBseTCH BEKOBOH WICH: 


M = M,em***t + M,te—iet, (16) 


rye My u M, — mpou3poubHyble NOCTOAHHBEIE. 
MoxxHo 6e3 Tpya N0Ka3aTb, 4TO, Onpegenaa C us (11) u (16), mbt BeKOBBIX 
YNCHOB He MOJyuHM: 


Cs Ake ie (17) 


Becbma BEpOATHO, YTO KallWJIJIAPHbIe CHJIbI YHHUTOKAIOT BEKOBBbIC YWICHbI 
H€ TOJIbKO B PaCCMOTPeCHHOM IIpHMepe, HO H B Gomee OOmlHX cy4aAx. 
Mockosckuli TexHMyeckHii WHCTHTYT Tlocrynusio 


pblIOHOH MpoMbIlWWIeHHOCTH Hu xXo3siicTBa 5 X1 1958 
um. A. MW. Muxosua 


UHMTHPOBAHHAS JIMTEPATYPA 


1 J.L. Fox,’ G. W. Morgan, Quart. Appl. Math. 11, Ne 4 (1954 
2°] H. Jaunay, E. M. a H@wuuy, Mexanuka cnuouinpix cpeg, M., 1954. : 
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Jloknzann Akanemun Hayk CCCP 
1959. Tom 124, M5 


CHILPOMEX AHHKA 
B. H. )KUPYJIEB 


TEOPHA MATHUATHOFO NOFPAHMYHOLO CJIOA 


(I]pedcmaeaeno axademuxom JI. H, Cedoeeim 14 X 1958) 


B padotTe NpwBOAATCA MpHMepbl, UJIIOCTpupylonHe TO OOcTOATeEMbCTBO, UTO 
¢ UBWKYWIAACA Ma3Ma sKpanupyeTcA OT BHeLIHero MarHuTHOrO nosn HW OT 
SJIEKTPHYeECKHX TOKOB, B He MpOTeKalollMx; TOJWIMHa SKpaHHMpyroulero cuos, 
Ha3BaHHOrO MarHHTHbIM MOPpaHHYHbIM CJIOe€M, TIpH JBY2KeHHAX C GOWDIIMMH 


§ MarHUTHBIMH 4HCJIaMM Peiinoubyca uMeeT NopsyoK 1/VRem . 
| § 1. Ec BpecTu BekTopHblit NoTeHiMad MarHuTHoro moss W (H = rot W), 
9 TO YpaBHeHHA MarHHTHOH THApOAMHaMUKH MOFyT ObITb MpeoOpasoBaHbl K BLY 


OW 
aa [Vrot W] = — gradg+yv,AW; divW=0; 
Op P ay ODm al OH, Ot 
: FS = —_>S = —- == Ba, 
pp ae ROOM ao a hres Ox, + ae eae + ae, 
ds Os 0 OT Vin 
—_ = =o eee Was as ° 
ar ragie Cl dx, * Oxy (# = arti ol rete Ch GRE 
rye V— BekTop ckKopocTH c KoMMoHeHTamu V, (a = 1, 2, 3); — gradg=E+ 
1 ow. ; 
al ai E — HanpsxKeHHOCTb 9JIEKTpHYeCKOTO NOJIA; Y_— MarnuTHad BaA3- 
KOCTb, ABJIAIOWAaAcA B OOMeM cJIyyae My 
(pyHKUHeH TemMnepatypbl 7H JaBseHua p; = Y 
0 — IIJIOTHOCTb Cpebl; Pm = p + H?/ 8x; 
H — Halpxx%KeHHOCTb MarHHTHOrO NOs; zr 
Tag — TeH30P BASKHX CHI; S — SHTPO- 
TMA CWHUIbI Maccbl; k — KoadPpHuveHT Dae 


TeMJIONPOBOAHOCTH; j—BEKTOP MJIOTHOCTH 

Toka. [leppoe ypaBHeHHe HalucaHHoli 

CHCTeMbI HalOMHHaeT ypaBHeHua THypoMexaHuku B (opMe Jlem6a. IuekTpo- 
JWHaMHYeCKa YaCcTb YpaBHeHHH MarHHTHOH THA pOAMHaMUKH B OObINHOM BHJe 
MOXKeT ObITb MosyueHa 3 MepBoro ypaBHeHHA CHCTeMBI, €CJIH K HeMYy IpH- 
MeHHTb oOMepatiuio rot M MOMO%KUTb vm = const B NOTOKE. 

§ 2. Ilycrb uMmeetca mowryOecKoHewHaA MacTHHa (copnaaiollad c MouJly- 
TIJIOCKOCTbIO XZ, X >> 0), MO KOTOpOH mpoTeKaeT QJICKTpHYeCKHH TOK B HallpaB- 
gleHuu Oz, MW MYCTb MacTHHa Norpy2KeHa B MOKOALLYIOCA MPOBOMALLYIO AKUIIKOCTb, 
MIpH4eM TOK B MylaCTHHe H30JIMpOBaH OT 2KHKOCTH. Jlerko BUeTb, ITO B KHKO- 
CTH HaBOJHTCH MarHuTHOe Mole c BeKTOpOM H, MapaJJeJIbHBIM IJIOCKOCTH XY. 
IIpupefem Telepb 2KHJKOCTb B JIBH2KEHHe CO CKOPOCTHIO U ps Hampapsenuu Ox 
M paccMOTpHM oOGslacTH TeYeHHs, MOCTATOUHO YaJIeHHble OT Kpast 1aCTHHbl 
B HalpaBJieHHH OCH xX, TaK yTOObI COOTBeETCTBYIOIee MarHHTHOe dco Peli- 
Hompyca Rem = UL /¥m ObIsI0 6ONbIOH BeJIMYHHOH; Tora, B CHJIyY CoxpaHse- 
MOCTH BeKTOPHbIX JIMHHH B Cpese C 6eCKOHEYHOH MpOBOAHMOCTbIO V B CHJY 
Tpe6opaHua Re, >S>1, MarHATHOe Nose HCYesaeT B OCHOBHOM IIOTOKe ocTa- 
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HeTCA JIMIUb B CJOe, MpHJleratwouleM K MOBe PXHOCTH IJlaCTHHbl HW HMeLOLleMi) , 


rommuny nopagka L/YV Rem. Hasopem 3TOT cio MarHUTHbIM [norpa- 
HHUHBIM csloem l-ro pofa (cM. puc. 1). ; | 
Ecsm paccmotpeTb cHoBa oOTeKaHHe MoJlyOeCKOHeYHOK MJlaCTHHbI MOTOKOM 
npoBogsnel xUAKOCTH Jun ctyyad Rem > 1, MpHyeM Ha STOT pas B Tlu1aCTHHG 
reueT‘TOK B HampaBsIeHHH OCH x C MOCTOAHHOH NOTOHHOM (BAOJb OZ) WHTeH-| 
CUBHOCTbIO (mulacTHHa W30/IMpoBaHa OT BHeLHero MOTOKa 3a HCKJIIONCHHEM 
nepeyqHel KpOMKH H OOvlacTH, oTwaJleHHOH OT Hatiasia MwacTHHbl), TO, B CHUJY! 
. CBOMCTB COXpaHAeCMOCTH BeEKTOPHbIX JIMHH j (?),| 

Ad 9yIeKTpHYeCKHH TOK B X%HAKOCTH OyeT M0KaJM-; 


J ee Bs 30BaH B CJloe, MpHvieraioujeM K MvlacTHHe Vf 


=—— 

yMeronleM TosuyMHy mopaqka L/V Rem. Haso-} 
BeM 3TOT COH MarHHTHbIM MoOrpaHH4-| 
HbIM CuloeM 2-ro poOja (cM. puc. 2). 
§ 3. IIpopona B ypaBHeHuax § 1 OLeHKK, | 
CXOJIHbIe C OLeHKaMH MpH BbIBO,e YpaBHeHHi 4 
oObIdHOrO NorpaHHyHoro cusiom (cM., HampuMep, (*)), Mia MarHHTHOrO Torpa- | 
HuUHOrO, Clon 1-ro pola MouyyHM cJlIeLyIoluve ypaBHeHHA: 


) 


Puce. 2 


ow aw ow ew . 
Gah ea eta AGS LAOH 
du du du OP 1 /oW @W ow ew G) du 
0a + Pte + 80 ge = nar + ae ay axay ae oF) ay (ay } 
OP m 


CO ne Os Os 4 OS ds \ =f Oud” 0“ OT) Gy Sarre 
Gen T(E leer +057) =" (3p) + oy (8 ay) + ae aye) 


| 


rue W—z-Komnonenta BexTopa W; wu — o6blunpii KoadPuuNeHT BASKOCTH. — 
AHaJIOrHuHO ypaBHeHHst MarHuTHOrO Morpakvunoro cyi0x 2-ro pojja MMeIoT 
BH]: 


OH) eH Yor du, dvi 2H 
gi te Ge +05, +H Se tay) im ge 


du du du OPn F) au OPm 
Op -b pu jules ea ae + ay! ae a = 0; 
Os Os Os Ou \2 a'/, aT Ym (OH \2 
mS ro to) o( MY SOM) + sae 
p at a Ox oy ue oy] ‘ oy k oy as 4x \ dy] ° 


I|pv BbiBoye ypDaBHeHHH JI MarHHTHBIX NOrpaHHYHbIX coeB 1-ro y 2-ro 


POWOB OMNYIeHbI WieHbl,ypaBHeHuli § 1, OTHOLIeHHA KOTOPBIX K OCTAaBJICHHbIM 
uMeloT nopsyoK | / Rem. 

Kak BHHO 43 ypaBHeHuit MarHHTHBIX NorpaHHUHbIX Cy0eB, JaBsleHHe nome- 
Pek HHX MOXKCT H3MCHATbCA BO MHOFO pa3 (Tak Kak BelMUHHa p+ H?/8x = 
= const Nonepek CJlos), YTO CHJIbHO OTJMYAeT paccMaTpHBaeMbie TorpaxHUHBle 
COM OT OOBIHBIX. ITO OOCTOATEMLCTBO, ABJIAIOULCeCH CHIE ACTBHEM JambHoLeli- 
CTBHA SNCKTPOMAPHHTHBIX CHJI, MOXKeT ObITb HCMO/Ib8OBaHO B BONpocax TepMo- 


HT? 
V30JIALLMM ; =: 
WMH Ted: OCTaTOYHO CeaTb —— | a> Pe (cp. © mpumepom 2 pa- 


2 r ; 
OorTbI ( ))s KaK OKOJIO ,IJIACTHHbI BOSHHKHET 30HaA KaBHTalluu, T 
re p= 0. 


B culyuae HecxKUMaeMoli KU JKOCTH ypaBHeHHa CTalHOHaPHOrO MarHuTHOrO NO- 
rpaHH4Horo culo” 1-ro pogqa uMeIwT BH] 


e. 30Ha, 


PAW Day aM D(ovioy;) 1 DOW/dy;W) 1 Pm = ay 
(x; y) dy D (x; y) ane Dix,y) eg eae 
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1 YPaBHeHHaA IIA CralMoHapHoro ‘NorpaHuyHoro cio 2-ro poga 6OvAyT 


D(H; %) _ y, GH, DOy/doy; ) _ 1 Pin Oy 
D (x; y) Soe DGw) ~~ "eon * * ayn 


rye » — PyHKUMA ToKa, vy — KHHemMaTHYecKHit KosdbuuHeHT BA3KOCTH. 
§ 4. [a ypaBuennii MarsurHoro norpannunoro caos 1-ro poga Ala HeOKU- 
)/AMACMOH X2KHAKOCTH CyMecTByeT CJIeqYIOMMH KaCcC aBTOMOJeJIbHBIX pelleHuli: 


b= x8vkU FC), Wa 4r, vp xg (0); 


t = vz Uexey: Pm — bgx® a Pmos 


rye «, B, y, g, 5, Pmo — HEKOTOPble NOCTOAHHDIe BeJIMUHHI. 


@ynkuwn f UY YROBMETBOPAIOT CHCTeMe OObIKHOBEHHIX JucpbepeHUnasb- 
HbIX ypaBHeHHlt 


Ter — Pele, oe BP — Bi — (ey) 2 7 yee" = 99g + of”. 


IIpu sTOM W@=v/vm; «a =(5—2)/4; B=y =(64 2)/4; B cay4uae, ecm 
Pm— const, ,=B=a+1. 

Jana ypaBHeHu MarHuTHoro NorpaHuuHoro cyios 2-ro poga WIA Hec»KHMae- 
MOH 2KHAKOCTH aHaJIOrH4HbI KJIaCC ABTOMOJeJIbHbIX pelieHHH WMeeT BHI: 


p= el" xf (Q); Ha vnxth (0); 
CSU xy, Dm = 89° pao, 
rie cbyukuun [ () u A(C) yqossetBopsioT ypaBHeHHam 
chp’ — Bh’ f= he; (w+ B) PF — BFP = 8G + of”. 


TIpH stom «=(5—2)/4; B=(6+2)/4; \—MpousBoubHad NocTOAHHas, 
CCIM. fig — const, B= 0 4- 1. : 

§ 5. B yKasanHHpix B § 4 kmaccax pellieHMii HaxofiTcH pelleHHH 3aa4y 
06 o6OTeKaHHH mMowyOecKOHeYuHbIX WwacCTHH B IpHCyTCTBHH MarHuTHoro orpa- 
HMUHOrO cos Kak l-ro, Tak HM 2-ro pOja, eCTH X-KOMMOHeHTa MarHuTHOrO 


noma H, == const = Ho BAOJb MacTHHbl. 
B cay4ae MarHuTHoro NorpaHH4Horo C101 l-ro pola 3aqata CBOJUTCA K pe- 


WIeHHIO CHCTeMbI ypaBHennit (% = —1/2; B = 7 = */2; 6.20): 
gi’ —e'f= 20 gg’ — if =20f” = 9/VImx/U) 


TIpH CJeYIOWHX PpaHHIHbIX YCJIOBMAX: 


/ , chp AEG ecm 
aire =U Pa 0 2 = Vn Oe 


pee cc 7 i, g.->V- 


Ecau o<l, T. e. eCaH Mmpoueccnl, CBASaHHbIe] C BJIMAHHeEM OObIUHOH BxA3- 
KOCTH, HeCYILeCTBeHHbI, TO YCJIOBHe a) 3aMeHAeTCA: 
Ay 


S Le ee Ee =o 
eae, V 4no U se 
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B cmyyae MarHuTHoro HorpaHMyHOrO cJlIox 2-ro pofa 3afata CBOAMTC 
. eee = — 
K pewleHmo ypaBHenua Bassuyca («= — */2; 8 =o, ¥ =5=0) 


—1/, ff” = of" 


WM WHTerpadly 


GOR aGON GRD (10 peat) at 


Ca Ot 


0 


[panWuHble yCJIOBHA HMeIOT BHI: 

a)C=0: f=f’ =0; A= Hon”: 

6) C00: f’ > 1; A 0. | 

Ecm o<@1, Tof=Cu h= Hyvm'*{1 —erf (€/2)], {re erf (x) — unte- | 
rpadl BepostHocTH owHdoK ((*), crp. 120). 


B xuacce pewenuii § 4 cojlepyKaTcH TakxKe pellleHHA, COOTBeTCTBYIOMIMe | 


oOTeKaHHIO TeJI B NpHcyTCTBHH MarHHTHOrTO MOrpaHHiHoro CJIOA, re MarHHTHOe 
noe Ha BHYT peHHel ero rpaHutle WH CkOpOCcTb Ha BHeIIHeH 3a],aHbl MO CTemMeH- 
HOMY 3aKOHYy. 


3 6. B cayyae MarHuTHOrO NorpaHMyHoro clon 1-ro pofa aeKTpHyeECKOe | 
Moe paBHO HYJIIO H JQKOYJIEBbI NOTePH BOSHHKAIOT 3a CU€T SHEPIHH OCHOBHOPO | 


MOTOKa; Ip 3TOM BO3HHKaeT JONOMHUTeIbHaA (CBepX OOBIMHOH CHJIbI BASKOTO 
TpeHua) cula comporuBuieHun. B cstyyae MarHHTHOTO MorpaHHyHoro con 2-ro 
pojla 271eKTpu4yecKoe Mose, HAOOOPOT, ABJINETCA OCHOBHBIM PaKTOPOM; 2KOYJIEBBI 
MOTEPH BO3SHMKAIOT 3a CUeT PaOOTHI CTOPOHHHX 9. J. Cc. (MO STOMY MOBOY cM. 
Takxe (%)). 

PaccMOTpeHHble MIPpHMepbI MOKAa3bIBaIOT, YTO ABUXKYUaAcA WwlasMa CTPeMHT- 
CA SKPAHHPOBATbCA OT BHELIHErO MAarHHTHOTO MOJIA HW SIIEKTPHYCCKHX TOKOB, 
KOTOpbIe B HEH MpoTeKatwOT,— STO aHaIOrHYHO H3BeCTHOMY 9PpeKkTy IKPaHHpo- 
BaHHA MOKOAUEHCA Ma3Mbl OT BHeWIHerO QJIEKTpH¥eCKOrO MONA. 


Hentpambublli a2po-ruqpoqMHaMMyecKHii MHCTHTYT Moctynuio 
um. H. E. )Kykosckoro 1 X 1958 


UMTHPOBAHHAS JIMNTEPATYPA 
1H. E. Kounn, WH. A. Ku6eun, H. B. Pose, Teopetuyeckad TH poMexaHHka 


2, 1948. *A. To Ky auKxosckwi, JIAH, 117,.N-2 (957) asa Ele urywae 
JAH, 124, Ne 6 (1959). 4E. Auxke, ©. Omuze, Ta6annn yuku, ieee % “i 
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P. A. AZALYPOB 


OCECHMMETPHUHOE! HATIPS)KEHHOE 
/ COCTOSHHE TOHKOM KOJIbBILEBOM MJIACTHHKU 


(ITpedcmaeaexo axademuxom H. H. Bexya 6 XI 1958) 


| 

| 

) 

| TEOPHA YITPYTOCTH 
/ 


B paOore uccuJleqyeTcs HallpaAxKeHHOe COCTOAHHe Kpyrsioli KosbLeBoli Ma- 
JCTHHKM, MOAKpenJIeHHOH Ha BHYTPeHHEli H BHeINHeH KOHIHTPHYeCKHX OKpyx- 
WeHOCTAX pagMycos r H R aOcouJOTHO *KeCTKHMM KOJIbIaMH MW Harpy2KeHHOH MO- 
(GMeHTamMu WM, MpHoxKeHHDIMH K 9THM KOJIbIaM B UX MocKocTH (puc. 1). 
I InactuHka mpeynosaraeTca TOHKOM, HecMOCOOHOH BOCIPHHHMaTb C2KUMAaIOLIHe 
HanpaxKenuA. IIpu sarpy2xxeHHH NwacTHHKH ykKa3aHHbIMH Harpy3KaMu Ha Heit 
(-oOpasyloTcaA CKJaKH, B HallpaBJICHHH KOTOPbIX paCTATMBAaIOULMe HalpAKeHHA 3, 
ABJIAIOTCA PJIABHBIMH Halps2XKeHHAMH Go == Gmax. B HalpaBJieHuu, MepmenquKy- 
JIAPHOM CKJIa{Ke, HOPMaJIbHbIe HallpAKCHHA Gmin = 0. KacatTenbuble HanpsxKe- 
HHA B CCYeCHHAX, MepMeHAMKYJAPHbIX HW MapaJJIeJIbHbIX CKJaj\KaM, PaBHbl HYUJIIO. 
| Takoe HanpsxkeHHOe CocTOAHHe HOCHT Ha3BaHHve OjHoocHOro ('). Hanps2KeHHoe 
COCTOAHHeE PaCCMaTPHBaeMOH MVJIaCTHHKH Oy eT OCeCHMMeTpHUHBIM. Hue jaetcx 
TOUHOe pellieHHe 3afauH B JIMHeHHOH MOCTaHOBKe. 

§ 1. HanpsxxenHoe cocTosHne B IJIaCTHHKe XapakTepH3yeTcaA Hanps2KeHHAMH 


1 Sp, Sp HU Tog. [Ip stom: 


eo 0 (1) 


} 
\ 


Syecb 6 —TOMLMHA MwaCTHHKH. 
Y paBHeHve paBHOBeCHA QJICMeHTAa IlaCTHHKH WMeeT BUA 


| d 
Sree is (909). (2) 
| 
MopMy.ibl JWI WHBapHaHTOB Halips2KeHuH Ha ocHOBaHMM (1) OyAyT 
2 Ve eae 
Se = Smax = Sp + Fe, Se%— = Top = (x=) ot (3) 
Buocs (2) Bo Bropyio #3 dopmy.t (3), MpHyeM K ypaBHeHHIO 


d f/M\* A 
Fo Go (0?) =(s-5] oe: (4) 


Viurerpupya 9To ypaBHeHie Hu O6o3Hayad Yepes k MPOMSBOJIbHYIO MOCTOAH- 
HYIO, NOJTY4HM 


Se ee (5) 


U3 dopmy (3) u (5) caeqyeT, ITO 


M r 1 wae a M 1 k (6) 
%9 = O78 92 Viot?—r?’ . Bane TV pote 


Yrou a, =a(9) Mexqy HalpaBleHHAmMH pafluyca p M CKNaqKu oMpeje- 


Jinetca copMyJ10H ; Fe 
T ©) r Tee keen 

ee ee WI 1 20 ee 
18% % ty | Vp Sr? eo aaa ke® — ar? 
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Orcioga caefqyeT, uTo ckKsaqKH— IpaAMble JIMHHH, o6pa3ylouwe C pa 
yluycoM r yroul a= a(r), onpefesAeMbIM cbopMy JIoH 


‘ { (8) 
ne=>-=. 
+ Vie 
Tlepetiyqem K PacCMOTPpeHHIO jecbopMalui. OTHOCHTeJIbHbIe y WIWHEHH 


MU 
£,, &> HU CABUT Yo, OMpesetaloTcA topmywa 


du u dv U (9) 


’ Yeo =~ Go ° 


Snech wu —cCMeleHHe B HallpaBJleHuug payuyca HM VU — CMeLIeHHe B OKPyxX- 
HOM HampaBJIeHHH. z | 

OTHOCHTeJIbHbIC Y)IHHCHUA & = Smax BAOJIb CKIAQKH WM & = &min B HallpaB- 
JICHHH, MepleHAHKyJIApHOM CKJlaqKe, ABJAIOUIMeCA TaBHbIMH Y/\JIHHeHHAMH, 
onpeyemmorca (opMy Jamu 

4 1 
cat [otek ah tm >O tno. 
min 

IIpu stom 

Yoo _ de/de—v/e r (1m 
—e du/de—u/oe 


gy 


te 20, = 


Ucxsmouas u3 (10) cos2a, mpH nomMoulH (7) H 3aMeHAA & HW & MX Bbipa- 
2KeHHAMM corsiacHo (9), OyeM HMeTB: 


du? 1 
£2 = Sina = | (kp? — 19) G — ilo (12) 
st du u 1 
Se = Emin = [— 7? SE + (ho? — 1?) 2 | ae (13) 


OTHOCHTeJIbHOe YJJIMHeHHe B HallpaBJICHHH CKJIaqKN &, CBAS@HHOe C Ha- 
IIpaxKeHHeM ¢, 3aKOHOM [yKa, Ha ocHOBaHuH (6) 6yzeT 


ais M--4 k 


a ‘E  3nks T Vit —r : 


(14) 


Hampskenua co, Co3qaioT B HalpaBJIeHHH, NepMeH_uKyAApHOM cKvlaJKe, 
OTHOCHTEJIbHBIe YAJIMHeHHA (yKOpoyeHHs) —us,/E = —ps.; mosTOMy B MWla- 
CTHHKe, BOOOUIe TOROPA, BOSMOXKHO CyWeCTBOBAHHE J[BYX KOJIbUeBbIX OG6sacTeit: 
BHYTpeHHel OOJACTH C OHOOCHBIM HallpsxKeHHbIM COCTOAHMeM, JJI KOTOpO! 


&c(0)< — pec (9), HM BHelIHeH OO6macTH C JBYXOCHBIM HalpsKeHHBIM cocTOs- 
HHeEM, JIA KOTOPOH Gmin>O. TombKo mpu 3HaveHuax KoadbuiMenta Ilyac- 
COHa ¥, YAOBJIETBOPAIONLUX YCJIOBHIO 


O< p< —&(R)/&(R), (15) 


HanpaKeHHOe COCTOAHHE BO BCeli MacTHHKe OyfZeT ofHOocHbM. Jlanee Gyyem 
PacCMaTPHBaTb 9TOT cuy4ail. 


CpaBHuBaax mpapple actu bopmys (12) u (14), TIpHyeM K ypaBHeHHIO JIA 
CMeleHHH wu (0) 
du ie _ Mk ‘kot— 272 
do e (ko? — r?) Damar Ta r (ke? — r2)°l2 ( (16) 


Ha a6couOTHO 2KCCTKHX BHYTPeCHHeEM H BHeLIHeM KOJIbBUaxX CMeIILeHHA 


u(r)=0, u(R)=—0. (Vm 
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‘1, Petenne ypapHenua (16), yaoBuerBopstomee neppomy u3 ycuoBnli (17), 
i{peycTaBuTca B Bue 
Oe IM Vke— 7? ko? — r2 r? 4 

0) = 4nES rp [ Pei) ' bee hk | 


(18) 
Tloqgunuaa (18) Bropomy u3 ycanopni (17), npuyzem Kk ypaBHenuio qua 
wiapamerpa k 
es OV ae r 
Nee—y ~&-HDe— wy? =H ONA<)). (19) 
SHaveHHa mapaMeTpa Rk u yruia a, onpesesnemoro (bopmysion (8) qua pas3- 
S\MMUHDIX 3HaveHHH A (B HHTepBae OSA< 1) Aanp B Tabu. 1. 


Ta6auua 1 


Al 0 0,01 0,1 | 0,2 0,3 0,4 0,5 0,6 0,7 | 0,8 0,9 450 
} RL 4 |1,08506/1 ,15064/1 ,19946/1 , 24843)1 ,30301/1 ,36731/1 4457211 ,54332/1 ,66537/1 81660) 2 
} «| 90°| 73°45’ | 68°47’ | 65°56’ | 63°30’ | 61°10’ | 58°47’ | 56°16’ | 53°36’ | 50°48’ | 47°54’ [45° 


Buoca B (13) BbIpaxkenve Jia u corsacHo (18), mo7ryaum 


Sa ee et Pa [in ko? — r? ee A (20) 
Se = Emin = “GES 7 Vapiarl PR) ke? |: 


TMonaraa B (14) u (20) 02 =R wu ucnomp3ya (19), nomyuu: 


e _ M &kr 4 = ee ah 4 
ee (R) = 2nES r? » Bel) 2nEd 7? (p— 2) * 


ess i) 


| Hakoneu, Boca (21) B (15), Haiifjem MHTepBasI H3MeHeHHA 3HaueHHit Koa(p- 
| cuenta [lyaccona w, MpH KOTOPbIX BO BCeH MJaCTHHKe HallpAKeHHOe COCTOA- 


HUM OyeT OHOOCHBIM: 
2 


0<p<p-a- (22) 


CpaBHupad jJlaslee mpaBble YacTH BTOpolt u3 CopMy.1 (7) u dopmyabr (11) 
MW 3aMeHaa u(o) ero BbIpaxkeHvem corsacHo (18), mpHyeM K ypaBHeHHIO jWIA 
CMeLIeHHH V (0) 


du Uv M 4 [ ko? — r? ice a=, (23) 


daenach Heaiekiace 
IlpuHuMaa BHYTpeHHee KOJIbIO HelOABM2KHbIM, 6yeM UMeTb 
u(r) = 0. (24) 
Pemenue ypaBHeHua (23), yqoBJleTBOpalollee YCJIOBUIO (24), OynerT 
Vie ke? — r? k | (95 
v0) =r Magen tet |: 29) 


Vis (25), umea B BHy ypaBHeHHe (19), Haligqem yro. moBopoTa § BHelHero 
KOJIbIla OTHOCHTeJIbHO BHYTPeHHETO: 


'o(R M pee te ae 
— = ems (1 —™) eae) * 


(26) 

§ 2. Ilpupeyem Temepb pelleHHe paccMoTpeHHOH galaun SHepreTHyecKiM 
MeTOOM. CKslaKM ABJISIOTCA KaCaTeJIbHBIMH K oKpy2KHocTH paquyca OA = r Sina. 
Brejem cucremy Koopyunat 2, (2 — paccToAHHe BJOJIb CKJIAKH, OTCUATHIBACEMOE 
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or touxw A, u b—yron mexay paquycom OA WM HeMO/BHXKHBIM pajMyco 
OA,). KoopquHaTbl 2 UM p CBA3AHbI 3ABHCHMOCTbIO 


z(o) =Ve—r sina, (27) 
pH 9TOM 
— Ve—n r Pees 
zy =a()ar et, Bi AN) a renee (X=, k= sag). (28) 


PaccmaTpyBac PaBHOBecHe 93JICMCHTa JlaCTHHKW, BbIQeJIGHHOTO B KOOPJIH- 
HaTax Z, d WM HarpyXeHHOrO B HallpaBJIeHHu CKJIaJOK pacTATHBAarOuluMu Hallpay 
XKCHHAMH G-, TOJIYYHM: 

d 


= (sez) = 0, oTkyna se (2) = = ; (29) | 


3necb C — nocTosHHad, MofvieKallad ompeesieHHto. 
YcuoBve paBHOBeCHA BHYTPeHHEFO KOJIblla pawuyca ¢ MMeeT BU 


27 | 
\ ge (z) zor sinadd = M. (30) | 


0 


Buoca cioma (29) u ompeyenus C, MOJyYHM BbIparxkKeHHe (Id HalpxKeHHA | 
So. B BHe 
MOVE 
Ge (2) = 2urd. Gz (31) 
Tlepeligem Tenepb K ompeyesieHuio mapameTpa k. QHeprua pacTaKeHHs 
WylacTHHKH onpeyemutca Popmy Jo 


= = (\ 22 (2) zdz] dy. . (32) 


Buoca cioga (28 ) uw (31) 4M BeINOHHB HHTerpupoBaHke, NomyuHM 
2 


~ 8x Ers 


k—>? 


a xe(e@—1)° (33) 


k| 


Jjanee, UcnosbsyaA yCJIOBHe MMHAMyMa 9SHeprui M paBeHcTBa paOoT 


oU 
Re me ee (34) 


MIpH\eM COOTBETCTBEHHO K ypaBHeHuto (19), onpeyeastoulemy mapaMetp k, u K 
tbopmysie (26) aaa yraa 9. 
panuita IpHMeHHMOCTH MOJIyYeHHOrO pellleHHA ONpesesAeTCA BeJMYMHOL MO- 

menta M = M*(i), npH koTOpom AepopMupoBaHHas CKslaqKa uMeeT OOMLy!O Ka- 
CaTeJIbHYIO C OKPY2KHOCTbIO BHYTpeHHero Koubila. IIpn M > M*(A) 6yzer npo- 
HCXOJMTb (HaMATHIBAHMe» CKaOK BOKPyr BHYTPeHHero KOJIbula. Itor cwyyaii 
TpeO6yeT ocoOoro paccmoTpenua. 

Tlocrynuso 

19 VI 1958 

UATHPOBAHHASA JIMTEPATYPA 


age Wagner, Zs. f. Flugtechn. u. Motorluftschiffahrt, MN 8, 9, 10, the 
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ACTPOHOMHA 


Akayemukx B. TI. JIMHHUK 


MHTEP®EPEHIUHMOHHDIE PEMEPbI JIA BECUIEJIEBbIX 
SBE3MHbBIX CNEKTPOPPA®OB 


Aaa ororpapupopanua 3Be3qubix cueKrpos Gecueespie cnekTporpadpi 
{C1OT ONPeMeICHHOE MPCHMYLLECTBO, AaBad OOJIbUyIO APKOCTb CIIEKTPOB H BO3- 
WKHOCTh MOMYYaTb Ha OMHOH MWacTHHKe OombUIOe KONMYeCTBO UX, OCOHOeHHO 
ciyuae OObCKTHBHOK Mpu3sMbl. OLHAaKO Mp onpesenenuu JydeBLIX CKOpocTelt 
‘CyTCTBHe PelepoB Ha CieKTpe 3aTpyAHAeT U3MepeHHe AOMMMepOBCKOrO CMeLLe- 
id H 3aCTaBJAeT MpHOeraTb K MeTOJaM, He OGeCHeyHBaIOULMM JOCcTaTOUHY!O 
MHOCTb H3MepeHHs. Tloxasyii, HanOonee TOUHHIM NO Hee ABAETCA MpeWO*KeH- 
1M ByloM Mero CbeMKu Yepes (puJIbTpP, Jaioujuli TOHKHe MHUA NOrOULeHHs, 
) HCEMHOPOUNCJICHHOCTh JIMHHH NOPIOWeCHHA HU HalaraHHe UX Ha BeCb 3Be3/[HbIli 
I€KTP HE MaloT BO3MOXKHOCTH MOJYYHT WOCTaTOUHy!O TOUHOCTD. 

_ Kasasocb Obl MouesHbIM HCMOb3OBaNHe JIA STOH Wes HHTepepeHILMOHHBIX 
<€M, JalOUlUX OOJIbINOe KOJIMYECTBO TosmOC, MepepesbiBalOlUX HEelMpPepbIBHBIIi 
1e€KTP, Kak HallpuMep NMosocn! TambOora. JLia RocTwxKeHUuA OONbIeH TOUHOCTH 
CH MOJIOCbI AOMAKHbI ObITb MOCTaTOUHO y3kuMu. OxHakO ¥eM YxKE MOJOCHI, TEM 
X Ooble, Hu TOra OHH COBCeM 
ACKHPYIOT OCHOBHOH CeKTP 3Be3 bl. 

OnucaHHad HuxKe CxeMa CBOOO]- 
a OT 9TOrO HefocTaTKa WH, M0-BH- 
MMOMY, MOxKeT OKa3aTbca MOes HOH 
JI W3MePpeHHA onmMepoBcKoro 
meurenusd. Ha puc. | P u300paxaer 
ObeKTHBHY!O IPH3My HH, BOOOULe, 
ucneprupyioulul IeMeHT OecuLee- 
oro cnekTporpada, L — WHInHaApH- L 
eCKy!0 JIHMH3Y, OCb KOTOPOH NapaJ- 

@lbHa HallpaBJeHuio cieKTpa, a (po- 

ycHoe paccToanne B S—10 pas Ooub- 

ie TakoBoro y OObeKTHBa CHCTe- 8 
bt O. A uw B —TOHKue MJIOCKO-Napa- 
@JIbHbIe MWIaCTHHKH, KOTOPbIe MO- 
yT ObITb MPHKPeMJIeCHbI HIM B3ATHI 
a KOHTaKT K wuH3e L (HO He TIpHKJIeeHb!!); ae OO ae siege Ne: 
a3aHO BHu3y puc. 1. B F HaxoguTca TlaBHbl (poxyc oObeKTHBa O, B F’— ero 
OBMeCTHBIM d@oxyc c aAnH30H L. B numocKocTH F MbI NOJy4HM Pacild pCHHEIH 
fleKTP OT 3Be3/bI, MpHYeM CBOMCTBAa 1300 PaxkKeHHA B KaxKJOH MOMOCE, MapaJWe/b- 
Oli JIMHE CHeEKTPa, OMpeeMAIOTCA COOTBETCTBEHHOM TacTbiO 3pauka OObeKTHBA 
); Tak, HallpuMep, KapTHHa B a GyeT 3aBHCeTb OT YACTH 3PaKa B A. 

Ilpu pacnoloxKeHuu MacTHHOK Au B kak wa puc. 1 4 MpH COOTBeTCTBeEHHOM 
omO0pe UX TOJILMHbI Mbl MOJY4HM B (boKaIbHOH muIocKocTu / pacuIMpeHHbIA 
NeKTP 3Be3bl, K KOTOPOMy CBepxy H CHH3Y IIPHMBIKAaIOT CI€KTPHI, MepeceyeHHble 
AJLOM HHTepsepeHIHOHHHIX IMOJIOC Tanpoota. IlomoxeHue NOCJIeMHUX B CleKTpe 
SBUCUT TONbKO OT TOMMMHE! miacTHHoK A u B uM (IMHEI BOAHBI B COOTBETCIBYIO- 
lei uactu cnekTpa. Takum 06pa3oM, 9TH JIMHHH BIOAHE MOrYT CilyxkUTb penepa- 
H IA ONpeNeeHHA TOOAKeHHA CMEKTPAaJbHbIX JIMHHH 3Be3[bl, MOAOOHO CieKT- 
1009 


Pue. 4 


BanKas 1270 


pam CpaBHeHHs B cleKTporpatax CO UevbIO. MoxkKHO BMeCTO JiByX IlacTHH 
A u B B3cATb OMHY, PacnosoweHHy!o NocepeqHHE 3pauKa. B stom cay4ae HHT 
(pepeHIMOHHbIe penepbl OyyT pactomoxKeHbl Ha CPeAHeH MOMOCE CIEKTPa. To 
cxeMa loslyyaeTca Mpoule, HO YMCIO TOYeK CPpaBHeHHA CTAaHOBHTCA MCHDbIIt 

Cxema noloc Taslb6oTa He ABJIACTCA CMHCTBEHHOM WIA MOMYYeHHA pemep 
MoxHo 6biI0 B3ATb BMecTO MmacTHHOK A u B ByABoe Oomee AIMHHbIC NOCH 
MapaJJIebHbIe MWIaCTHHKUH C YaCTHYHO OTPaxXaloulHMH CIOAMH, HO B STOM C 
yae TpeCOOBaHUA K TOUHOCTH H3FOTOBJICHHA MlaCTHHOK B HECKOJIbKO Pas BIE) 
CieOBATEbHO, H3TOTOBeHHe UX TOpasho TpyAHee, a MoTepn cBeTa OOuIbLI 

Moxer 1oKa3aTbCa, YTO MHOFOUHCJICHHOCTb HM MJlaBHOe H3MCHEHHE IIMPH) 
MHTepepeHUMOHHbIX TOMOC CpaBHeHHA MOKeT 3aTPyAHUTb HeHTHpuKaly 
penepos. OyHako jlonmepOBCKOe CMeLLeCHHe CIT€KTPaJIbHbIXx JIMHHH BOOO! 
3HAUHTeIbHO MeHbIUe PacCTOAHHA Mey AByMA penepaMH, a HepaBHOMep 
pacnipefeienue pemepoB m0 cmeKTpy (paccToAHHe MexKIy NOlOCaMH MeHbI 
B CHHeli UacTH CHekTpa H OOubIUe B KPaCHOM) eErKO MOSBOMAeT UX HLEHTHPUL 
PpOBaTb m0 cnocoOy, yKa3aHHOMy HM«Ke. | 

J\na o6pa6oTKH cmekTporpamMM Cc HHTepPepeHIMOHHLIMH pellepaMH Ove} 
YNOOHBIM ABJIMeTCA IIpHMeHeHHe cTepeoKoMMapatopa. Ja 9TOH WeH Mela cl 
Ca [Ba CHUMKa: OHH C KaKOM-HHOYb 3Be3NbI TOTO %Ke CMEKTPaIbHOFO KMacc 
Kak H HCCJellyeMad, HO C XOPOIO H3BeECTHOM JIyYeBOH CKOPOCTbIO, Apyrou C uA 
cleqyemol 3Be3bl. O6a CHUMKa yCTaHaBJIMBalOTCA Ha CTepeOKOMMAapaTope | 
ONpeeIAeETCH CMELLCHHE CNEKTPaJIbHbIX JIMHHH HaBeeHHeM Ha CuCTemMy penmepo 
OIMKAalWIyIO K KaKOH-HHOyXb CMeKTPaJIbHOH JIMHHH, a 3aTeM Ha 3TY JHU 
Bce usMepeHue CBOAUTCH K JByM oTcueTaM. BooOule cMeleHHe CNeKTPaJIbHH 
JIMHHH Cpa3y BbICTyMaeT pH pacCCMaTpHBaHHH CHHMKOB B an 
eCJIH JIYYeBad CKOPOCTb MMeeT OCTaTOUHY!O BeJIMYHHY. 

Meroy sBanercs crporo qudbepeniMabHbIM, Tak KaK OKOJIO KaxKJOl cue’ 
TPaJIbHOH JIMHHM UMeeTCH rycTon pay penepos. Ilostomy AA usMepeHHA cTepe 
KOMIapaTOpOM OCTaTOUHO NOJYYHTb MO OAHOM CMeKTPOrpaMMe 3Be3AbI C ¥ 
B€CTHBIMH JIYYEBBIMH CKOPOCTAMH JIA KaxK OPO CNeKTPaJIbHOrO KJIacca HW 3aTé 
yNOTpeOJIATb HX JWIA BCeX JlaJbHeHMWHX Uu3sMepeHHii. HeOompiuime u3sMeHeH! 
MaciuTa0a CieKTporpaMM He OyJlyT BJIMATb Ha TOUHOCTh H3MepeHHA, Tak Ké 
MeCTa PeNe€pOB HE H3MCHAIOTCA MO OTHOLICHHIO K MIpHJIeralouluM K HMM CieK 
PpaJIbHbIM JIMHHAM. I]pHMeHeHHe 0 9TOMy cmoco6y cTepeoKomnapaTopa WW 
BBIABJICHHA 3BE3], CO SHAYHTEIBHOH JIYYeBOH CKOpOCcTIO Gyser ocoOeHHO MOWes! 
JWI CHHMKOB, NOJYYCHHBIX C OOBEKTHBHOM MPH3MOH, BBHAY JerKocTH OOHap 
*KCHHA CMeCULCHHA CIMeCKTPaJIbHbIX JIMHHI. 

Ha puc. 2 npupeyena yactb cneKTporpamMbl Kanevibl; Ha Hell BUHBI penep 
m0 O6eHM CTopoHaM cnekTpa. CnekTporpamma momyuena Ha 30-caHTHMeTpoBC 
peciextope B Komapose. 

Hismepenua Ha CTepeokomMapatope NoKa3a/iu, YTO CpeqHAA OWINOKAa HaBOLt 


1 
Ha moocbl B 11/,—2 paga MeHbIe, 4eM OWIHOKa HaBOKH Ha CNeKTPaJIbHble JL 
HHH. 


[napuas acrponomuyeckast o6cepBaTopHaA Iloctynusto 
Akajlemun HayK CCCP ; 28 XI 1958 


K cmamee B. IT. JlunHuKka, cmp. 1009 


See 


— 


| Puc. 2, 


| K cmambe 1. E. Peeysuna, emp. 1045 


Puc. 1. Tlocne orxura no pexumy T = 1020°, t= 20 uac. 
a — oObluHad MpoBoJioka; 6 — MpoBotoKa rasbBaxnueckoro 
mpoucxoxyenun. 100X 


sii oOpa3el, Mocse OTKUrA No pexKHMy 
020°, ¢ = 20 uac. 200 


Puc. 2. KomOnyupopaHHt 
T = 10: 
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PHSHKA 


Akayemuk H. H. BOFOJIKOBOB nu B. IF. COJLOBbEB 
41> OJHOM BAPHALLHOHHOM NPHHUMNE B MPOBJIEME MHOPHX TEJI 


B (*) ofHHM us apropos (H. H. Boromto6ozpm) 6pivl mpe02KeH HOBBIiA BapHa - 
NOHHBIH MpHHUMM, ABJAloUMMlicsd O6OGeHHeM H3BecTHOrO MeToa B. A. Moxa (2). 
ICCMOTpeHHe HOBOTO BapHallMOHHOrO MpHnyuna CbIo mpogouwKeno C. B. Ta- 
IMKOBBIM (*,”). B wacTosueli pa6oTe mpopeyem JasbHeiiiuMe uccmeqoBaHua 
\pHALMOHHOrO NpHHUMMa B MpoOsIeMe MHOrHX TeJI: MOJyYWM ypaBHeHHs cTa- 
1OHaPHOCTH B ABHOM BHJle WM paCCMOTpHM IPHMeHeHHe 3TOrO BapHallHOHHOrO 
DHHWHMAa K ABYM UaCTHbIM cuIydasM. 

PaccMoTpHM CHCTeMY B3aMMOJeHCTBYIOINMX (pepMH-YaCTHL, C TaMuJIbTOHHaHOM 


; 1 1 ay, ; 
H=DE(i', fata, +> > KGS ee he [2) ajrafayay, es) 
BP te forty» fy 
te E(f’, f) =T (7, f) — dy, 7; }— xumuuecknit NoTenunan; | — COBOKYNHOCTb 


4JICKCOB, XapaKTepH3y!OUlMX COCTOAHHe OJHOM acTHUBI, a elicTBHTeJIbHasA 
yurunsa K(f), [3 fi, f2) O6aqaer culeqyloujumu cBolicTBaMH: 


K (Ff, £3 fas fe) = K (Pas fas Fy Fa) = K (Fp fg fee fh)- (2) 
I]popeyem KaHOHHYeCKOe mpeoOpasoBaHHe (pepMH-aMIJIMTY JL 
Oe Se > {Ujyhy oL Upat}; , (3) 


Jif TOTO YTOObI OHO He HapyluaJIO KOMMYTAUHOHHbIX CBOHCTB HX, HeOOXOJHMO, 
TOObI BbINOJIHAJINCb yCJIOBHA: 


as > {U pulls, -/- Opi} = Ory es 0, 
3 (4) 
Tiare Dd) (upopy + Opuyy} = 0. 


OnpeyeHM HOBOe BakKyyMHOe COCTOAHHE Co 
ayCo = 0 
HalijjeM cpeyHee 3HayeHHe H m0 3TOMY COCTOHHHIO, a HMCHHO 
He ETAT AL es 
hf 
/ ’ 1 a + og 
4 DS Key hihi Fy DF a+ zO hot, hy. © 
fet Ald 

le 


F(f, fF) =De7,ors OFF) = Lepr. (6) 
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OnpejesMM uw HW U 43 ycOBAaA MuHuMyMa Hf Mp HaJIMYHH JOTOJIHHTeJIbH 
ycnoBHit (4): 


3{H (u, v) a >| [h (fe, f1) ere fe a pe (fe, fx) Urea + eg (fo, i) Ty, it — 0; ( 
fas fe 


anecb X(f’, f), u(f’, f) —Muomutemm JlarpanxKa. PaccmaTpwBad BapHall 
du, 5v, du*, 6" Kak He3aBHCHMble, HaXOJHM 


SE LOG Pape +h PY ofeg HM A) Oey} =O 
fo hie 

SEL OG More teh Pts FEM f)idfeg) = 0 

SON) de 


HW Ba YPaBHeHHA, KOMIVIeKCHO-COMps?KeHHBIX K 9THM. Ilocaie mpeoOpasoBaHy 
noJly4HM 


Ah = Dore SE + wpa Eh eh +e =O | 
: if tb ( 
BE P= Dia se t+ Ope ge of EAE £) = 0. 


UcksiouuM MHoxmKuTeM JlarparKa H HaxXOJHM ypaBHeHHA 
WE P= PAP N=0, a 
BE MY=BEP)—B (FA =9, 


KOTOpbI€ HMEIOT CJIEXYIOULHH ABHbIM BU: 
ei) = LPF VEG SFE MOG ye 
— 2) {K (afl. ff) Oy hE GP — Ria fol. 1) Ode Le Gee 


fy fa f 


+ >) K (fe, fas ff) ® (far fa) = 0, (1 


fas fe 


BU PY = DEE PP PE PPP PD + 
“5 
1» fe, 


fi Fe, FY 


Cai ot yO ds fo) D* (FP )—K (fe, fas ff”) * (fife) Df’, fy = 
(1 


rye 


SU. Py = EG P32 ai ae ee (1 


his fe 


(11) wu (12) copnagator c ypaBHenuamn, NOJIYYeHHBIMH B (°,4). 


CnejyeT 3aMeTHtb, UTO (pyHKIMH Ur, PF) a BF, f’) cassanpr MeKy cobc 
COOTHOIMeHHEM 


Si bah ee! Y Spies 
a {0; Up, (7, 7’) + UpyU pry A Gs PD} + > {Upylle, =e U;,,Ujv'} B (f, f’) i), (1. 
Feat 


Hosromy, ecau W (f, f’)=0, To ua (14) cae : 
, , ) Ayer, 1To Gf, = (Oy 
PaCCMaTPHBaTb TOJIbKO OHO U3 ypaBHeHnii (Thy, (12), a Loca 


ween F (f, f’) w O(f, j’) cpssannr mexgy co6oii CJI@LYIOUHM o6pa3oM: 


me rf), 


(15) 
DOE MFP MN +O MFM Ny =0. 


STH COOTHOMIeHHA serKo AOKAa3aTb HeNOCpeCTBEHHON MOCTaHOBKO! BEIpA- 


eHuit O(f, f’) u F(f, f’), ecan sBocnomp3opateca YCJIOBHAMH (4) u cBa3aH- 
sIMH C HUMH ycOBHaMH 


“Win ix ; 
> {Ur Ur, le ViyVeeot ae S53) 

f 

Z (16) 
DiPjaly ss eae! 


TakuM o6pa30M, BMecTo (pyHKuMit uw HM vu MoxKHO pa6otaTb c byHKIMAMH 
fu D, npwuem, ecm BbINOMHsOTcCA ycoBua (15), To F u ® Belparxkarorcs 
fiepes uw u v cbopmyviamu (6). 

PaccMoTpuM IpHMeHeHve HOBOrO BapHallMOHHorO NpHHuKNa B mMpobseme 
AHOPMX TeJ] K JBYM YaCTHBIM cyIyyadM. 

Ilepppri cayuan. BuiGepem vp = 0/0(f —v), uj, —=ujd(f+y), npHuem 
Jap = Up, Op = — 05; TOMA a; = Uja_p + Opt, F (P,P) = 8 (F — fF’) 07, OF, f’) = 
e — OCF +f’) uyor-. 


B 9Tom cylyyae ypaBHenHe (11) npHHumaer Buy 


Blind) 4; (3 02) 2) K(f, het, — Daron = 0, (17) 


pe 


npHueM 


ini EG fy—2 DK, Fes PK (hla Be iwe ek l8) 
f=0 


Ecau f =(k, o), rye R—wvMnysbe, a ¢ — CMH YacTHUbl, TO (17) coBna- 
qaeT C ypaBHeHHeM KOMMeHCaHH «OmaCHbIxX» JMarpaMM B TeOpHH CBepxXMpoBo- 
mumocTn (5), a ecu f ABJIACTCH KBaHTOBbIM UHCJIOM MpOeKUMH MOMeHTa Ha 
OCb CHMMeTPHU Apa, TO (17) MepexoquT B ypaBHeHHe (°), YUNTpIBarIOllee B3aH- 
MOJIeHCTBMA HYKJIOHOB, HaXxOJAMMXCaA Ha BHeLIHel OOONOUKe TaxKeNOrO AMpa. 

Bropot cayuak. BriGepem f = (r,s), rae f— paduyc-BeKTOp 4YaCTHILBI, 
a pynxunn K (f,, [3 fi, fe), ECP, f) Bosbmem B Buse 


E (r) 80a" 8 (r — 1’) = {T (7) —¥} 8008 (r — 1’). 
B 93ToM cJlyyae 


A= ITN —MF (tr, 93 7,9) + 


— > U (fy — fe; 91; G2) {F (11, 913 1, 91) F (fa, 923 fe, 2) — 
11, 01; 2, S2 
— F (ry, 013 fo, On) F (oy 993 1, 51) + D* (11, 915 Fas 92) (71, 91; Fa, 92)}, (19) 
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a ypapHenue (11) nowy4HM B CJleqylOuleM Buje: 


{E (74) +E (to) + DU ari ey TP 8) 


+ MU (re SS eae Sa wienao. ) + U (fy — f23 F115 32)} D (ry, 51; Fe, 39) 


(fee 
a5 (U(n—F; oy, o \ Cee Cees 33) Dre, Ole Te 7 o’) =P 
f,0" 
+U (fe—9; 99, Oe On; le, dg) D(r’, oe ry, 3,)} ae oa 


a De (geen 1s GP (eaere, 2) D(F", S515 91) 
1ae Ko) 


+ U (f2—1'; 92, oni (ae an lh, 33) D(fro, 99; ge c’)} = 0, (2( 


KOTOpPCe 3alHlWeM B CHMBOJIHUCCKOM Be 


{Ey + Eo + V1 + Va} Dia + >} {E12 P ox + eee Dir} + | 
; 


ape ig > {ZorF ey + ZerF ko} = 0. (21 
k 


3necb V; = >) U(ri—r’3 93, 9’) F(r’, 0; ’, 3’) — MoTeHuMan, co3aBaeMbh 
k 


BCEMH UaCTHIAMH B TOUKe 7,3 Sz = U (ri —Pp; 92, Se) F (Te, Oe; Ti, 2) — ROOABK 
K KHHeTHYeCKOM SHeEprHn i-YaCTHUbl, WIeH 


Zip =U (fF, — fa; 51, 3) D(r1, 515 fe, Py) 


ONMCbIBAeT B3AMMOJelHCTBHe JBYX UaCTHI, a BbIPaxKeHHe — > {Zork by + Zit 
k 


YUHMTbIBAeT BJIMAHHe OCTAJIbHBIX UaCTHI, pacipemesieHHbIX C  MVJIOTHOCTbI 
N((as Toi tan Ch) 


O6neqHHeCHHEIM = HHCTHTYT Tlocrynuuo 
AJCpHbIX HCCeTOBaHHli 1 XII 1958 
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PHSHKA 


B. JI. BOHU-BPYEBHY u B. B. PJIACKO 


©OB SHEPPETHYECKOM CHEKTPE 3JIEKTPOHOB B HEVJEAJIBHOM 
PEWIETKE METAJIJIA 


(IIpedcmaeaeno axademuxom A. ®. Hoge 31 X 1958) 


/ Salata 0 BIINAHHM CTPyKTYPHbIX MHKPOeeKTOB Ha SHepreruyecKkuit cneKTp 
jeTaa CylleCTBeHHa B pAe BoMpocoB dbu3sukKu TBepyoro Tela. B uactrHocTn, 
)Ha COCTaBJIAe€T KBAHTOBOMeXaHHYECKyl0 OCHOBY TEOPHH XHMUMYECKON alcopOuuH 
a MeTaJlIe€; OHA 2Ke, KaK MbI YBUMM, HIpaeT BaxKHY!O POJIb B TEOPHH MpuMec- 
oro paccesHuA. SameTuM, YTO AVIA PelIeCHHA yKa3aHHOM 3aja4uu, NO-BUMMOMY, 
eOOXOHMO CYLeCTBeEHHO JMHaMMYecKoe paccmorpeune. JlelicTBuTeIbHO, m0 
MBICJIy ela HaC HHTepecyeT 3eCb HMCHHO H3MCHEHHE 9HEPFHH CHCTEMBI 3/ICKTPO- 
(0B (H 9JIEKTPOHHOH MJIOTHOCTH) MPH NOABIEHHH AeeKTa B ufeasbHO!l pewerkKe. 
Byem Ii KOHKPeTHOCTH PacCMaTPHBAaTb Jlec:peKTbI THMAa BHEPeHHbIX B pe- 
WeTKY BOAOPOLONOAOOHBIX ATOMOB (BCe€ KaYeCTBeEHHbIe pe3syJIbTATbI HeMesICHHO 
1epeHocaTca H Ha Oomee COMIN cya). Torga 3ayaua cBoquTca K uccelo- 
3AHHIO H3MCHCHHA QHEPFHH HM ZICKTPOHHOHM MIOTHOCTH pH NOOaBJIeHHH B CHCTe- 
“AY OMHOTO 3JIeEKTPOHa C COXPpaHeHHeM YCJIOBHA HeHTpaibHoctu. Kak u3BecTHO 
1?) pemeHve STOH 3afauH HeMeJVICHHO MOsyuaeTCA, KOJIb CKOPO M3BeCTHA 
<OMHOUACTHUHAaN» cbepMueBcKan cbyHKunA [puna Ain WaHHOoH cuctembl G(x, y) 
‘x, y —4-TouKu, x = {x,,x}). Mmenno, «ofHouacTH4HaA» MaTpHlla MJIOTHOCTH 
3 OCHOBHOM cocTosxHHH R(x, y; t) (HOpMHpoBaHHaaA Kak B (*)) CBA3aHa C 
byHkunei TpuHa cooTHomeHuem. 
Rwy) =7 lm G(x,y) (1) 


Xo >Yo=t 

Xo<Yo 
(N — noHOe 4HCO ZeCKTPOHOB B CHCTEME), a YaCTOTI ®, uryPHPyIOWHe B 
STIEKTPaJIbHOM pa3slOxKeHHH PyHKuun G(x, y), HeMOCPeMCTBEHHO alo MHTepe- 
SylOlHe Hac u3MeHeHHA SHeprun. Kak noKasano B (*, °), B paMKax yJly4IleHHOH 
reOPHH BO3MYIMCHHi STH YACTOTHI CyTb COOCTBEHHbIC 3HAYCHHA yPaBHeHHA (MbI 
OrpaHHYHBaeMCA KYJIOHOBCKMM B3aHMOJelicTBueM HM CTaTHYeCCKHM BHeUIHHM 
OJIeM). 


W,(— ibys) x (x) + \ dx'm Kx) 1) +e (x) x (9) = hoz (x). (2) 


3necb M (x) — 9KpaHHpOBaHHbI NOTeHIHAa (HemepHoguyecKoro) NOJIA, CBA3AH- 
HOrO CO CTPYKTYPHBIM jeexTom; ynkuuA m(x—x’) (He 3aBucaUlaA OT ) 
scTh MACCOBbIii OepaTop B KOOPAMHATHOM MpeAcTaBeHUH, a AudpepeHnavb- 
HbIi onepatop W(—ihV) momyaaercs u3 pellleHHA BCNOMOraTeIbHOK 3aauH 06 
SIHOM QJICEKTPOHE B HeaIbHOM MepHOAMYECKOH PeuIcTKe (c yYeTOM JIM HeH- 
[pasIbHOCTH CHCTeMbI B IeloM). CoOcTBeHHbIe sHaveHHA MOCeqHeH 3alaiH 
VW, (p) (p — KBa3HUMIyJIbC) MocJIe 3aMeHb! p—>—ihV [\atoT HCKOMBIM omepaTop*. 
pH 3TOM cilelyeT HMeTb B BUY, ITO, B 3ABUCHMOCTH OT MOCTaHOBKH 3afa4H, 
W .(p) MoxwkeT cofepxKaTb elle KOHCTaHTY, CBA3aHHYy10 C SHeprueH MpHMeCHOro 
aTOMa Bai OT MeTasia (Tak, HanpHMep, OOcTOHT AeO B Cily¥ae XMMHYECKOK 
yicopOunu). DyHkuna Tpuua G(x, y) crpouTcsx OObINHBIM OOpa3oM u3 PyHKuuit 


JIbHOW 3aj[aue 3OHbI /-KPaTHO BbIPO* CHE, TO (yHKUHA ve 


* QameTuM, UTO eCJIH BO BCIIOMOraTe 
IpecTaBAAeT coboit r-MepHbIlt BeKTOp, 4 dbynkuun Wo, m — COoOTBeTCTBYIOUMe MaTpHUbl (). 
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Mit 


~(x)e—t*, TakuM 00pa3om, matpulla R ecrb GuIMHeHHad PopMa NOX, x, B way} 
HOCTH, BesH4HHA | 7(X) |? OMpeesIAeET CPEAHIOIO SJIEKTPOHHY!0 IIOTHOCTD B TOUKE y 

B cpa3u c ypaBHeHuem (2) cmefyeT CelaTb TpH 3aMedaHHi. | 

Bo-nepBbIX, OHO MosyuaeTca MpH NOCMeLOBATeMbHOM PeLIICHHM MHOTOSIEN 
TpOHHOH sayaun 6e3 (o6bIdHO 06A3aTeJIbHOrO) NpeAMOMOAKEHHA O MAJIOCTH Ged! 
pa3MepHOH KOHCTaHTb! CBA3H e°/hU; 110 CpaBHEHHIO C CAMHHILCH (ur — cKopoct| 
Ha moBepxHoctu W@epmy). | 

Bo-BTopbix, XOTA ypaBHeHne (2) nu CoBNajlaeT (boOpMaJIbHO C HE€KOTODBI! 
OMHOSIEKTPOHHBIM ypaBHeHuem LIpequnrepa, takTHYeCKH OHO  OMMCbIBae 
MHOFO3/ICKTPOHHYIO CHCTeMy, H COOCTBEHHBI€ 3HaYCHHA hw OTHIO(b HE HMElO} 
CMbICIa KAaKHX-s1HOO «OMHOIIEKTPOHHbIX» SHEPrHH. | 

B-rpertbux, ABHOe BbuncmeHue cbyHkunit Wy um (BeCbMa 3aTPYJHHTCJIbHOG 
(paxTHuecKkH He ABJIAeTCH HEOOXOAHMEIM. JleHCTBHTebHO, pasyMHad NOCTAHOBKs 
3alauu COCTOHT, KaK HaM KaxKeTCA, B BbIUHCIEHHH 9PPeKTOB, CBASAHHBIX C Ha} 
jiMuveM JeeKTa CTPyKTYyPbI, IpH H3BECTHOM ePMHEBCKOM CIIEKTPe 3IJIeKTPO} 
HOB B HecabHOM pelleTKe. OTOT CNeKTP JaeTCA BbIpaxxeHHeM 


ae 
W (p) = Wo (p) + \ ax m(x) et 


| 
HW MOXKET ObITh 9KCMECPHMEHTAIIbHO ONpeseseH, HaIpHMep, H3 OMbITOB MO FraJbBa- 
HOMarHUTHBIM addpextam (7), scbdbexTy He faaza—Baun Anpcena (*) nu WMKJIOTpOH- 
HOMY pe30HaHcy. COOoTBeTCTBeHHO, B ypaBHeHHH (2) MepBbie (Ba C/laraeMbir 
3ameHsIoTca ofHuM, W(—ihV)y(x). 

Bpipaxenne JIA noTeHunaa D(x) 60 MOuydeHO B (*) H (°) H HMeeT JOBOUIbHC 
CNOKHBI BH (JIMUIb ACHMNTOTHYeECKH Ha OOJIbIUHX PaCCTOAHUAX OT edeKTe 
nepexoauui B OObMHyIO 9kcnoOHeHTY). J]ia Hac NOKa JOCTATOUHO 3HaTb TOJIbKO 
YTO STOT MOTeEHIMal SKPAHHPOBaH C «palHyCOM 39KPaHupOBaHUA» ’y~ 10~® cM. 
Kak H3BeCTHO, pH 9TOM B 3aBUCHMOCTH OT MapaMeTPOB 3aauH MOryT OCYyLeCcT: 
BJIATbCA [Ba Clyuas: a) ypaBHeHue (2) uMeeT KaK AMCKPeTHBIM, Tak MW HeMpepbIB- 
HbIt CMeKTp; 6) ypaBHeHue (2) HMeeT TOMDKO HEMpepbIBHbIM cneKTp. OueBndHo 
(yHKUHH, MpHnaiexallve HeMpepbIBHOMY CIe€KTPpy, OMHCbIBaIOT COCTOAHHA 
B KOTOPbIX 9JIEKTPOH MIpHMecHOrO aTOMa JleOKaIH3yeTcCA, NoNalqaa B OOUIHE 
KOJIJICEKTHB CBOOOJHBIX 3apAOB B MeTasie. C pyro cTopoHH, PyHKUMU [uc 
KPeTHOPO CI€KTPa ONHCHIBAIOT COCTOAHHA C ICEKTPOHHOH MJIOTHOCTbIO, MOBDILLIEeH 
HOW BOM3H MpHMecHOrO MOHA. OTH COCTOAHHA (€CIH OHH CylecTByfOT) 3HeEpre 
THYCCKH BbIFOMHee ypOBHeH HelpepbIBHOrO cneKkTpa. Ou MpescTaBAioT coool 
aHaJliOr JIOKAJIbHbIX YPOBHEH OHOSIEKTPOHHOH TeOpHH MOMyNPOBOAHHKOB 

Takum oOpasom, Bce MeTaJIJIbI 110 OTHOWeHHIO K JaHHOMy THITy mpHMecel 
(WIM MHbIX MHKPOedeKTOB CTpyKTYpbl), a Tak2Ke BCe NPHMeCH MO OTHOMICHHK 
K JA@HHOMY MeTAaJIJIY MOXKHO Pa3sAeHTb Ha [Ba KJIaCCa COOTBETCTBeCHHO HaJlHUHK 
WJIH OTCYTCTBHIO “OKAJIbHbIX ypoBHeH». B mepBom culydae BHEpenuble (un all 
COpOHpOBaHHble Ha MOBEPXHOCTH) IPHMeCH B OCHOBHOM COCTOAHHN HefiTpaJbHbl 
BO BTOPOM HOHH30BaHbl. SaMeTHM, U4TO NPH KOMHATHOM Temmepatype, KOrAi 
SNEKTPHYECKOE CONPOTHBJICHHE MeTaJIa OOYCJIOBCHO B CCHOBHOM paccesAHHel 
Ha peuleTKe, BHEAPeHHE MPHMCCH, He COsfatouleH JOKAaJIbHbIX yPOBHel, BeLe 
He K NOHWKeHHIO, a K HeOObUIOMY MOBBILEHHIO SIeKTPOMpOBOAHOCTH (13-3 
YBEIMNCHHA UHCNa HOCHTeNeH TOKAa). Ilo-BuquMoMy, 9TOT scpeKT MOET TpeD 
CTaBHTb H3BCCTHBIM HHTePeC B CBA3ZH C 2/IEKTPOMPOBOLHOCTHIO cuaBOB, KOr 
POJIb NPHMecH HrpaloT HEePeryJAPHO PacnOOReHHbIe ATOMBI OMHOL HS KOMMC 
HeuT. Tloquepknem, UTO yKasaHHoe JeneHHe Ha Kuacchl, onpeqessemMoe napamel 
PaMH 3afaun, OTHIOAb HE ABAAeTCA aOcomoTHbIM. IIpu nsmMenenum KOHILeH 
TpallHH SJICKTPOHOB B ME€TAJJIe BOSMOXKEeH TepexO CHCTeMbI 43 OMHOFO KIAaCC 
B Apyroi. Ha6smoxatenbyo TaKoli mepexoy Mor OBI TIPOABHTbCA B P€3KOM H3MEHE 
HHH TENJOTHI alcopOlMH pH M3MeHEHHH, HallpHMep, aTOMHOFo cocTaBa cmaBe 
ajcopOenta (MIM, ECM Peub uLeT O MPHMeCH, BHEAPCHHOH B pelllerky, B H3Mé 
HCHUM BIMAHHA MPHMeCH Ha 9J/€KTPOMpPOBOAHOCTS). 

EctecTBeHHO, W30XKeHHBIE KavecTBeHHBIE cooO6paxeHua mpuoOperyt ou 


HY! YOCNUTENbHOCTH AHI CCH MBI YOeRUMCeH, XoTH Obl Ha npocrefittem npumepé 
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"pO KPHTHYeCKHe SHAaYeHHA NapaMeTpos 3ayaun wexaT B pasyMHOli OOmacTH. 
Mist STO IeIM ypaBHeHue (2) ObWIO UNCNeHHO pelleHO Ha BbMYCAUTeAbHOL 
‘jalnHe «Crpesa» BbEroncINTeIbHOrO meutpa MI'Y B npegnonoxKexHuax, 4TO*: 


i 2 
Oi x. p ee 
We 2m,’ Ue DiS ete COS ar; (3) 
2e2 Al 202 Hn m 
ees ite & = —9 = 
a ho,’ Si 75 (ae 6) : ae 1, r= x (4) 


13a CAMHMUbI U3MepeHHA IpHHsATH! h, 2m u Wp — sHeprua Depmn). Beanunuy 
| B® NPHHIMNe MO%KHO BEIYHCIMTb MeToyamu (*,°), Ho yqoOHee paccmatpuBaTb 
€ Kak Mapametp 3ajlauv. C MaTemaTu4ecKoli TOUKH 3PeHHA MbI HMeeM 37eCb 
eo c 3aqaveHh O COOCTBeHHBIX 3HAYCHHAX, 3aBUCAILeli OT AByX WapaMerpos. 
‘4eTHO-aHaJIHTHYECKHM IyTeM Obwia onpesenena o6macTD CYULeCTBOBaHHA CO6- 
‘TBCHHBIX 3HAYeHHH WM yCTaHOBJICHO ux YucO. B tan. | u 2 mpuBexeHb KpUTu- 


Ta6auua f 


Kputuyeckue 3Hayenua g? 


6 0 0,05 0,4 0,25 
ge 0,0000 0,368+0,0%  0,4635-40,0225 0,6325-L0, 0225 
B 0,5 0,7 1,0 
ge 0, 7935-40, 0245 0,9975+0,0289  1,0025-L0,0225 


Ta6Oauua 2 
Tlepppie coOcTBeHHble 3HayeHHA 


B=0,4 
gt 4 0,9 0,8 0,7 0,6 0.5 
LA 0 ,0692 0, 0468 0, 0287 0,0149 0, 00547 0, 000468: 
/ =0,5 
| gt i 0,97 0,94 0,9 0,87 0,84 0,8 
eK 0,01290 0,00970 0,00690- 0,00384 0 ,00206 0 , 000808 0, 0000136 
8 =0,7 
g 4 0,98 0,95 0,93 0,92 0,9 
r 0, 000429 0 , 002990 0 ,001425 0, 000675 0, 000398 0, 0000545' 


YeCKHe 3HAYCHHA KOHCTAHTHI CBA3H 2", IPH pa3sJIHUHbIX B (MMCKPETHbI CMmeKTp" 
cyllecTByeT mpu g?>g”,), a TakKe NepBble COOCTBeHHbIe 3HayYeHHA h=—ho/W 
TPH pasJIM4HbIX g? u B (BbICLUIHX COOCTBCHHBIX 3HaYeHHH B STON VONAaCTH Mapa- 


Me€TPOB, KaK MO2KHO MOKa3aTb, BOOOUIe He cyuilecTByer) | 
AsTopb! BecbMa lipHsnatesbHE! PD. ©. BoupKenuiretiuy, C. 3. PormucKomy 


A. H. Tuxonopy 3a o6cy2KeHHe padorTsl. 


MockoscKuii rocyapcTBeHHEI YyHHBepCHTeT Tloctynuno 
HM. mM B. Jlomonocosa 12 VIII 1958: 


UAHTHPOBAHHAA JIHTEPATYPA 


1 : STO, 30, 342 (1956). ? B. JI. Bouu-Bpyesuy, 
ea sai, oe 1056)" Ys H. H. ae oronmwo6o i Jiexuii 3 KBaHTOBOI CcTaTHCcTHKH, Kuis, 
1949. 4B. J. Bouu-B pyespu4y, Dus. mer. u MeTaMoRer.., 6, B. 4 (1958). ° B. JI. 
BounuBpyesuu, us. mer. H MeTaJOBeL., 6, B. 5 (1958). Joie iti ty toe noes 
W. Kohn, Phys. Rev., 97, Ne 4, 869 (1955). 7H. M. Jingdmun, M. A. As6en5, 
M. HW. Karauos, KOT®, 31, 653 (1956). ° H. M. Jiugdmun, A.M. Kocespuy, 


MAH, 96, 363 (1954). 


* Tlorenmuan puja (3) noyyaetcs B Ka¥ecTBe OLHOM M3 allMpoKcHMalHit o6utux dopmya (4). 
** QameTuM, uTO, KaK ACHO WJIIOCTpHpyeTcA AaHHbIM MPHMePOM, 9/1CKTPOHHbIC CueTHEIC Ma- 
’ ’ 


UHHbI MOMKHO ACIOJIb30BaTb He TOMbKO JIA «YACTbIX» BbIUMCJICHHH, HOH VIA PelieHHA 


3azay mpoOmemMHoro XapakTepa. 
1OL7. 


Jlonnagn Akafemuu Hayk ON On On 
1959. Tom 124, Ni 5 


PH3ZHKA 


Ynen-Koppecnonyent AH CCCP JI. M. BPEXOBCKHX 


O 3ATYXAHWH PIJIEEBCKMX BOJIH TPH PACHPOCTPAHEHMH 
BOJIb HEPOBHOM MOBEPXHOCTH * 


TlopepxHOcTHad pavieeBCKad BOJIHa MpH pacmpocTpaHeHHW BOJIb HepOBHOM 
NOBepXHOCTH 3aTyXaeT BCJIeCTBHe pacceAHHsl Ha HePOBHOCTAX. B jaHHoH 
pa6oTe KpaTKO uguaraloTCA pe3syJIbTaTbl BbIUMCeHHA KOS(pHUMeHTa 3aTyXaHHA. | 
Kpome celicMoJIOrHu, 9TH pe3yJIbTaTbI MIpeCTaBJIAIOT WHTepec B aKYCTHKE, rae 
IIPHMCHAIOTCA YJIbTPasBYKOBbIe PeJICEBCKHE BOJIHBI. 

1. B cayuae naocKkoli rpaHHibl MbI UMeeM JI MOTeHIMaOB BOJHEI Pesen 
(axtop et noy,pa3yMeBaeTcs) 


Oe Aetp—exs, b = Belpxs—Bs, (1) 


2 2 
2 p?— p2, B? = p?— x2, p2 = 2° 2 BO HM 9TOM MbI HCMOJIb- 
Diewl == kb Pak x Dp? a+ Hp 9TO I I 
3YeM IIPAMOYFOJIbHYIO CHCTEMY KOOPAHHAT X41, Xe, X3. 

[panwuHble ycJIoBuA Ha CBOCOMHOM moBepxXHocTH x3 = 0 faloT CBA3b Mey 


amnuutyqamu A u B 


2ipBB = (2p? —»2) A (2) 


WM ypaBHeHve JIA ONpeweJIeHHH Pp, a CJIEOBATeJIbHO, H CKOPOCTH P3JICCBCKHX 
BOJIH: 


(2p* — x*)” — 4p*a8 = 0. (3) 


YpaBHeHve HepOBHOH NOBepXHOCTH 3ayaquM B Buse X3 = C(x, x2). Tper- 
moslaraeTca, UTO TBEPOe TeJIO 3AHHMaeT NOJYMPOCTpaHCTBO X3 > Xz. 

ByjlemM npequouaratb, 4To: a) rmy6vHa HepoBHocTeli Masia MO cpaBHeHHIO 
€ J\WIMHOK BOJHbI Psviea, 6) MaJIbl HaKJIOHbI NoBepxHocTH. B stom csy4ae 
MOCTAaBJICHHY!O0 3ayady yOOHO pellaTb MeTOROM MocJIeqOBaTeJbHBIX NpHOmMx«Ke- 
HHH, CUMTaH, YTO B HYJIeBOM NpHOWKeHHH pacmpocTpansAeTca HesaTyxalollad 
MOBeEPXHOCTHAA BOJIHA BAOJIb MIOCKOM rpaHHithl. 

BpeylemM B KaKOli TOUKe HePpOBHOH MOBepXHOCTH MeCTHY!IO CHCTeMYy KOOp- 
WuHaT x), X, H xX, TaK, UTOObI Ocb Xx, Oblla HalpaBsleHa BOJb BHYTpeHHeli 
HOpMaJIM K MOBeEPXHOCTH, a HanpaBJIeHHA ocel x, M X, Obl O1M3KM K Hampas- 
JICHHAM OCeH X; HM x3. B (bopMyste npeoOpasoBpanusnA KOOpAMHaT X,= 4X, KO3O- 
(PULLMEHTHI %1, 9, O33 MOXKHO MIPHHATb paBHbiMH 1, KoaibHuHeHTEI «Ke 
iz (C= Rk) OYAYT uMeTb nepBbIi NopsyOK MavJocTH. 

Hcntosm3ya oOprnple O603HaYeHHs JIA TeH30pa HanpsxKeHHit (*), 3annuiew 
ycJloBMe WCIeSHOBeHHA Halps2KeHH Ha HepOBHOM rpaHHe 


Be Uy ue an) ny eee (4) 


Siac an 


Pa3vlarai 9TO paBeHCTBO B psaq no crenensam C, movyuaeM C TOYHOCTbKC 
HO MaJIbIX Nepporo mopsayKa 


ous(0)=— (G2). (5 


Ox3 


* 
Pa6ota B NOwHOM Bue 6yzeT onyOsKoBaHa B AkycTH4¥ecKoM 2Kypuaue. 
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iidugexc 0 cBepxy o3HauaeT nyseBoe npvOsmxKenve. Anasoruuno npn i=1 u 
= 2 nosyuaem 


Oar ac 

(= — (Fe) _ CC), an (0) = — (08), Z- 6) 
TakuM oOpa3om, ec B HYJIeBoM NpHOJWKeHHH HallpsKeHUA 93; (0) ucuesau, 
fO B NepBOM MIpHOJI>KeHHH MbI UMeeM B 9STOI MOcKOCTH Hallps2KeHUA, MOpAOK 
MaJIOCTH KOTOPbIX COBNajlaeT C TopsyqKoM C. OQtu JONOHUTeJbHbIe Mabe Ha- 
(Ips2KeHNA OYAYT BbISBIBATh PaCCeAHHBIe BOJIHI, KOTOPbIMH HW OOyc.1OBJIMBaeTCA 
73aTyXaHHe p9JIeeBCKHX BOUIN *. 
. 2. Jlonycrum, uTo dynKyua C(%1, %2) MOKeT ObITb mpeacTaBseHa B BHJe 
dmpotnoro paja Pyppe 

-Loo 

2 - Sy) Gae (mgrtartngera) (7) 


m, n=—oo 


Hcnospsya (5) u (6), noryyaem yaa HanpsKennii mepporo mopsyKa B 
MocKocTu x; = 0 


637 = 2 ons on == pepe (pP+mg1) X:+ingexe ; (8) 
m,n 
jrye 
$1. ae il5 ve (1 4sq 4s) te 221 (J — | AGmns P33" a4 i(1 <7. 2q) Ng2Aemn, 
mn _ A(28—1) xo np LE _{k\ 
eat tt (9) 


Kaxyou nape uncer mn OylyT COOTBETCTBOBaTb CBOH pacCesHHble BOJIHBI, 
/ CKaJIAPHbIM HW BEKTOPHbIM NOTeHIUMAJIbI KOTOPbIX SallHLlyTCs: 


£ (Pm X,+Py x t+¥mn Xg) 


i (PmXytPnXytmn*s) on = 
aa Ame ’ one = Bran€ . 


Pam 
| Pin uP, aie Mg, Ph 182, Cana Ve a) a Van V2 a) me Di 


Ilocrosuupie Amn YU Bmn MOXKHO HalTH, MoTpe6oBaB, UTOOBI CHcTeMa Ha- 
npsxkenwi, japaemaa BosHamu (10) B nmocKocru x3 = 0, copnajalia c CHcTeMOK 
HanpsxenHni (8): 


Dy ys 2 Loa = Sia) (Pa COS Xmn a ax sin Xmn) = Bie (1 a 2S mn); 


(10) 


je : ae TD ite 
=e ee, Am Bim = 2V smn (—Smn) Ps (11) 
Bani V Sn a —q) ; n 2 3 


mn 


++ (Pi" COS Ymn - P3z SiN Xmn) (2Smn — 1), 


Pee 
THe — Amn = 48mn W Sian Vq — Smn + (2Simn Begg Dyer Smn = eae pe =e pe, 


Pn 
Ymn = arc tg hme 


m 
B cayyae, ecu mMpofombHad HJM MoMmepeyHad BOJHA B (10) oxaxetca 
MOBEPXHOCTHOH = (mn HIM Ymn munumo), Vg-—Smn 4V1—Smn OJ2KHEI ObITS 


i a u i [Sep ar Ile. 
3aMCHCHbI COOTBETCTBCHHO Ha 1 Veses q ‘ 
3. Jlaa ompejesenua KoappuuneHTa 3aTyXaHHA P9JIeEeBCKON BOJHBI Heo6- 
XOJIMMO pacCuHTaTb 9HeEprulo, YHOCHMyIO OT [paHHltpl pacceAHHbIMH BOJIHaMH, 


WU COMOCTABHTb ee C 3Heprnei OCHOBHOH BOJIHBI. 


is ? oro MepeHoca TpaHHuHbIxX ycJIOBHit C HepoBHOH MOBepXHOCTH Ha 
ss Aen faont E. efin6eprom (*) mpu pemenud pxfa 3aqay fA aueKTpo- 
M1JIOCKOCTh CcWopMy , : 
MaTHUTHbIX BOJIH, 3ATCM HCTIOJIb3OBAaJICH M, A. Ucakopuuem (°) B akycTuKe, 
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IIpeqnosoxKHM, YTO 3aTyXaHve P3JIeeBCKOl BOJIHBI, BbIsBAHHOe paccesHHem, 
WOCTaTOYHO MaJlO, TaK 4TO Ha HEKOTOPOM OTpe3ske l _B HallpaBuJieHHA pacmipo- 
CTpaHeHHA BOJIHEI, OOuJIbIUOM MO CpaBHeHHIO C AIMHOH BOVIHBI Hi. conepaaliem 
6ouIbuIOe YHCO HepOBHOCTeli, H3MCHeHHe aMIMJIMTYJ[bl OCHOBHOM BOJIHbI CpaBHy- 
TeJibHO Maio. B 9TOM Cu1y4ae MOXKHO BBeCTH NOHATHE O «MaplasIbHOM Koap- 
(bHIMeHTe 3aTYXaHHA», OOYCJIOBJICEHHOM YXOJOM SHeprwH B pacCeAHHY!O BOJIHY 
HOMepa mn. 

B mpocretiiuem csryyae OHOMepHOH HePOBHOCTH MbI MOJyyaeM [IA Map- 
WHaJIbHOrO KoapulueHTa 3aTyXaHHsA 6m | 


or Vein Ae c v [Bin | 
a gi 26—1)Vee=a | aja Ee) (12) 
irs 4s? — 3sq — 3s + 2g —2 (2s — 1) V (s—1) (s — q) 
rye 4 
m|° 4 a a . 
Se] = [asm (1 — sm) [te + 45q— 4s) + 2mg(1—aq)] + 
(1 —25,,)? (2s — 1)? | Sin)? 
+ 86— Sid,’ (7 
mele (2s—1)? 
Fe = Sn — Sn) fee + | 
4 >) (6 mp)” | 
+ (25m — 1) [apa(1 + 45q—45) + 2mg(1—g] bine, (14) 
— Am = 45mV (l — Sm) (G — Sn) + (28m — 1)” 
Par® (P+ MEs2 Bae yp a 15 
m= (FT) =(). B=VaHsn, B=Vims. 


IIpuBeeHHble POpMYyJIbI OTHOCHJIHCb K CJIydalO Sm <1, Sm <q —9TO O3Ha- 
yaeT, YTO KaK NpOOJIbHad, Tak H MoMmepewHad pacceAHHbIe BOJIHbI HOVepa m 
uMeIOT BU OeryuiMx OT rpaHHUbl BOM. EcaH Sm <1, HO Sm > q (npogombHasn 
paccesHHast BOJIHa CTAHOBATCA MOBeEPXHOCTHOH), TO CooTBeTCTBYyIOULue (OpMysIbI 
6ynyT: 


oan 2(s— 1) Vs(s—q) (—s,) Bal 
uk 4s* — 3sq — 3s + 2q — 2 (2s —1)V (s — 1)(s — q) Fe 
Boar V Sm (Sm — 9) (28—1) : 1 
Pe =| as Vesey. HPS eine 4S eee 
2 (%l_)? 
+2me(—9) |, (16) 


[Amn i ae 16s) (1 = Sm) (Si nk q) + (2s, —s be. 


PesyubTupyloululi KoadpulHeHT 3aTyxXaHua 6 OyeT CyMMOH NaplHambHbIX, 
a aMIVINTya BOHbI Payiea Oyyer y6nrBaTb m0 3aKOHY 


A = A e728", 


Ha puc. | rpacuyecku v306paxenpi pe3yJIbTaTbI pacueta KoadPulneuta 
SaTYXAHHA AWA CYHaeB 3CMHOH KOpbI, CTaIM H aJIOMHHHA Tp mapametpax, 
NPHBeeHHbIX B Tau. 1. 

Jina pacuetos BbiOpan cryyati KOCHHYCOHJaJIbHOH HepoBHoctu: € = Cy cos gx. 
IIo ocu a6cuncc wa pune. | ornoxena BeuunHa h==g/x = /A — or 
HOUCHHE JWIMHbI CIBHTOBOH BOJIHbI K MIpOCTpaHCTBeEHHOMy TepHoxy Hepos- 
HOCTH, 10 OCH OPAHHAaT — BeIMYHHA Y, CBASAHHA ¢C KOSPPUUHEHTOM 3aTyXaHHA 
6 thopmyvloH 8/x = (xC,)? Ye | 
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Karka 13 Tpex KPMBBIX HME€T OCTPble MaKCHMYMBI TIpu 3HayeHUAX A, CoOT- 


JBeTcrByloulux paBencTBy $_4= (/s—h)*? = g. lpn stux snauennax A MIpOOuIb- 
edad paccestHHad BOUHAa PaclpOCcTpaHAeIcsA BAOMb MMOCKOCTH Xx, = O. JleBpiit nuK 


Ta6aunma 1 
Cxopoctb mpo- CKOpocTb CABH- 
AOJIBHbIX BOJIH TOBbIX BOJIH fe q Rin 
cy, 10-5 —= cy, 10° 
ceK ceK 

SemHaa kopa 5,4 3,9 4,204 |-0,3734 0 ,0974 
CtaJib a0) 3,84 1,450 | 0,5895 0, 2043 
Asmomunult 5,4 2,96 1,185 | 0,3376 0, 0887 


i({MeHbIUIMe 3HadeHUA h) COOTBETCTBYeT pacCeAHHOM MpOOMbHOH BOHe, pacmpo- 
" cTpaHsAloulelicA B TOM 2K€ HallpaBsIeHHH, YTO H MepBHYHAA Pd/IeeBCKaA BOJHA; 
MpaBbili, Oomee BbICOKHH NHK COOTBETCTBYeT MpPOAOMbHO BOMHe, pacmpoctpa- 
HAIOWLCHCA B OOPaTHOM HalipaBseHuu. Peskoe Bo3spacTaHue pacceAHHA MPH STHX 
3HaveHHAX A OOYCJIOBIEHO OTTOKOM 2HEPrHn OT PpaHHlbl B pacceAHHYIO Nomepey- 
HY!0 BOJIHY. 

IIpu h<hmin (cM. Tab. 1) 3aryxaHne p2eeBCKOM BOJIHbI BOOOULE OTCYTCTBYET. 


320 


300 i 


100 


U4 G6 C«C«d: 40 42 la 6 8 40 62 
Puc. 1. 1 — amomunuii, 2 — semuoli rpyxT, 3 — cTab 


Heo6xoj{MMO OTMETHTb, UTO XOTA MPHBEJCHHbIC BbILUe PaCueTb! Oa3HPOBaJIHCb 
Ha MeTOJ€ BOSMYILCHHH, JIA IPpHMeHHMOCTH TCOPHH CYULECTBEHHO JIMUIb Mper- 
TOJ1O*KEHHE O BOSMOXKHOCTH Pa3ACMTb IYTb, MPOXOAMMBIM BOJIHOH BAOJIb N0- 
BePXHOCTH, Ha OTPe3KH 1, oOslafaioulMe yKa3aHHbIMH BbILUe CBOHCTBaMH. IIpu 
3TOM TCOPHA MOSBOJIACT MPOCeKUBATb OTHOCHTCbHO CHJIBHOC yOLIBaHHe aM- 
TJIMTY {bl BOJIHbI Ha PaCCTOAHHAX, COEP2AKalLHX B ce6e MHOTO y4acTKOB WIHHbI U. 


AxkyctTuyeckui MHCTHTYT vost ee 


Akagemun HaykK CCCP 
WMTHPOBAHHAA JIMTEPATYPA 
u E. Juduuu, Mexannka cnaounpix cpet, 1953. 7 A. Aab- 
me p i ae rn ae Waban E. Meiin6epr, Pacnpocrpanenne pasHopotu, 1958. 
3M. A.Ucakosu4y, Axkycr. xypH., 3, B.1, 37 (1957). 
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Jlokxagn AkagemMun Hayk cccP 
1959. Tom 124, Ne 5 


PHSHKA 


Unen-koppecnonjent AH CCCP C. H. BEPHOB, H. JI. TPHCOPOB, 
MW. Tl. HBAHEHKO, A. H. JIEBEQWHCKHM, B. C. MYP3HH u A. E. 4YJAKOB 


BO3MO)KHbIM MEXAHH3M CO3J/AHHA 
«3EMHOrO KOPIYCKYJIAPHOFO U3 J1Y 4EHWA» 
nod JEWCTBHEM KOCMHYUECKHX JIY WE 


Tlox, «3€MHBIM KOPIYCKYJIAPHbIM H3JILyYeHHeEM» MbI TOHHM@eM MOTOKH 3aps- | 
*KCHHBIX YACTHIL, JBH2KYILMXCA MO 3aMKHYTHIM Tpae€KTOPHAM B MalHHTHOM MOJe 
3emiu. Ham npesctapmsetcs, UTO HaHOONbINerO BHUMAHMA 3aCJIyKMBaeT CIE- | 
WyloulHH MeXaHH3M BOSHHKHOBeHHA HayueHHA”™. Iloy WelicTBHeM KOCMHYECKHX | 
myue Sema, Kak HM BCAKOe Apyroe HeOecHOe TeO, CTAHOBHTCA HCTOUHHKOM | 
HeliTpoHoB. He o61aad 9JIEKTPHYCCKUM 3apAZOM, HeliTPOHbI OeCIpeMATCTBeEHHO: | 


IIPOXOJAT CKBO3b MarHHTHoe Mose Ha OombuMe paccrosHua OT Semin. BosHuka- 
1OULHe OT paciaya HeHTPOHOB 3apPA2KeHHbIe YaCTHUbI OyyT [BuraTbCA B MarHHT- 
HOM Toe 3eMJIM BOJIb CHJIOBbIX JIMHH. Co BpeMeHeM YacTulla MonazaeT B OO- 
JlaCTb BbICOKHX T€OMAHHTHbIX IIMpOT, Tye Moe Obicrpo BO3spacTaeT C POCTOM 
wupoTh. B stoi o6macTH MO Mepe MpHOMxKeHHA UAaCTHIUbI K Semsie BeEKTOP ee 
CkKOpocTu 6yeT NOBOPadHBaTbCA OTHOCHTEIbHO BeKTOpa H Jo Tex Mop, NoKa Ha 
WWHPOTe Amax YFOJI M@XKAY CKOPOCTbIO YaCTHUbI WH BEKTOPOM H He CTaHeT PaBHbIM 
90°. B ToH Touke YacTHlla «MOBepHeT» H HauHeT JBHFaTbCA OOpaTHO MO TOH *e 
MarHUTHOH CHJIOBOH JIMHHH. 

Ha Oombuux Bbicotax (~10% — 3-10% Km) mamorHocTb aTMocepbl O¥eHb 
MaJla, UaCTHIa 3a OHO KOMeOaHHe MexKAy CeBepHOH H 1ORKHOH TOUKAMU MOBOpOTa 
MpOXOJHT HHYTORKHOe KoMMYeCTBO BelecTBa~ 107-8107? r/cm* nH Tepser (Ha 
HOHH3aluIoO) 9Hepruio 10-°--10~* 9p. Tlostomy mpoxyKTbI pacnala HeHTpoHoB, 
oOslaqatoulne sHepruamMu ~1 Mop u Oouble, MPH HalwiexkallHxX yCOBHAX OyAyT 
HM€Tb BO3MOXHOCTb CoBepwiuTb 108 yw Gomee KomeOaHniit. B cBa3H C 9THM BO 
CTOJIbKO 2K€ Pa3 MOBbICHTCH HHTCHCHBHOCTb MOTOKAa S9THX YaCTHI. OKCMepHMeH- 
TaJIbHbI€ JAHHbIE yKa3bIBalOT Ha CYeCTBOBaHHe Takoro usvlyyeHua (?,%). 

PaccMOTpHM lloqpoOuee, KaKHMM (pakTOpaMH oOMpeesseTCA WHTCHCHBHOCTb 
sToro u3siyueHua. [lp orcyTcTBHH noTepb SHeprHH H paccesHHaA YacTHL ee 
MarHUTHbIM MOMeHT . OyeT COXpaHATbCH C OUeHb OOJIbIIOM TOUHOCTHIO. ITO 
IpHBeyeT K TOMY, YTO YacTHIa coBepuMT k KoNeOaHHit U3 OAHOrO MoMyWapHA 
B [pyroe, k=~(Ro/o)*, rae Ry—paguye Seman, p —paguye KpuBusubr (2). 
CoxpaHeHve MarHuTHOrO MOMeHTa YaCTHIbl NpHBeAeT K TOMY, UTO ee JBHDKeHHE 
OyeT MOMYMHeEHO 3aKOHy 


sin? 0/H — const, : (1) 


rye § — yroJI MexKy BeEKTOPpOM CKOPOCTH H BeEKTOPOM MarHUTHOrO NOAA B AaH- 
HOH TouKe TpaeKkTopHH. Mbl mpHHHMaeM, 4YTO MarHHTHOe Moe 3emuM ecTb Mose 
Aunons. B akBaTOpHabHOl mM0cKOCTH BbIGepemM Mlouayky Ly, WeHTp KOTOpO! 
HaXOMMTCA Ha paccTosHuH R, oT WeaTpa 3emm. Bee uacrutbl c JaHHbIM wM- 
MyJbCoM p (AA KOTOPOrO payNyce KpHBU3HEI B SKBaTOPHaJIbHOH TIJIOCKOCTH 05 
MHOTO MeHBIe JIMHeHHBIX pa3MepoB mlonlaqKH Lo) OyxyT ABUraTECA BHY TPH 
TpyOKH, CevenHe KOTOpOli Ha mMpoTe d Oymer (A). Hycrb Marantuas cuiogaa 


* 
Pacuerhl, OCHOBaHHBIe Ha 9TOM MeXaHH3Me, ObIIH H3JIO%KeHbI HAMH Ha cemMuHape @Mu3u- 


uecKoro HHcTHTyTa AH 
Siacekore Gl oT tae VI 1958 r. w Ha saceqanm accam61en MexayHapoguoro reodu- 
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PHBA, NPOXOMAULad Yepes TouKy Ay, hy, GyneT ocbwO BEIOpaHHoli «TpyOKH». 
J¥eBH HO, WTO BCe YaCTHUbl, BOSHHKAIOUIMe OT paciaya HeliTpoHoB BHYTPK: 
(TOK TpyOKH B pasJINUHbIX ee TOUKaX, OyAyT MpoxonuTh uepe3 ceueHue X (Ay) 
J OJIbKO IPH YCJIOBHH, YTO B TOUKE «POKAeEHHA» UACTHILbI HMesIUN TaKOii yroul 
Ba@xy €€ CKOPOCTbIO HM MarHHTHBIM MOJIeM, YTO SKBATOPHAJIbHYIO MIOCKOCTb 3TH 
WiaCTHUbI NepecekasM nok yrJiom %, yAOBsJeTBOpsAIOULHM yc.IOBUIO 


| Oats < 05 < Oras (2) 
§3ecb Yomax ONPEMeIAETCH H3 YCNIOBMA dy = max. MakcuMayibnaa INMpOTa Amax, 


}0 KOTOpOH MOxwKeT NOTH YacTuILa, uMeIoUlad yrom 9) npH k = 0, onpejesanercan 
| PaBCHCTBOM: 


Sin? 8omax = COs® hy/V 4—3cos? hy. (3a) 
Qomin ONpemedseTcA v3 ycnOBUA h (Amax) = Rs COS? kmax — ea 0: 
/ 3 
sin? 0 = on 6 A eyo Rome area 
omin = (REx) Cos? /Y/ 4 oi cae (36) 


Ilyctb B 1 cek. B Tpy6ke poxgaetcn N (99, Rs, Vv) d0) Takux uacrTul, KOTO- 
} pple OyfyT MepecekaTb SKBaTOpHaJIbHYIO IIVJIOCKOCTh MO yruiaMH 95, 9) + dO. 
(Sajannomy yriay 9% u R, coorsercrsyet 
“onpefesieHHad TpaeKTOpHA YacTHLbl C onpese- 
| MeHHOK jvIMHOK myTH S(8), R,) u, coorser- 
CTBEHHO, Olpe/leJIeHHOH MoTepeli SHEprHun BAOJIb 
‘etoro nyTH AF (8, R;). Ecnu uacruua o6- 
| JlayaeT pH cBoemM poxkmeHuu sHepruelt Eo, 
TO OHA CMOXKET MpOuTH BCIO TpyOKy OT OJHOIi 
 TOUKH NoBopoTta Jo Apyrolt K (8), R,) = Ey/AE 
pas. CreqopateJIbHO, MOTOK YacTHI, Mepece- 
Kaloulux B | ceK. mulomaqky Ly Nok yrJiom 
6, 89 =e dbo, paBeH K (9, Rs) N(6, Rs, v) db. 
STOT Ke MOTOK YyacTHI, Mepecever mMviomayky 
L(Ay) mom yraom 8,. [lostomy rwoGawbuptii 
NOTOK YacTHU, MpOXOAAULMX Yepes eMHAUHYIO 
ccbepy Ha wupote A,, OyzeT 


Puc. 1 
eS eae 8Qmax ; 
tg Fn V 4— 3 cos? Ay (Gp, Ry, v) K (8, R5) do : 
1Qx fy) = coss Ay cos 8; (8), Ax) . (4): 
80min 


3necb (09, Rs, v) = N (8, Rs, V)/X9 — YHCIO YacTHU, por falouyuxcn B | cek. 
BO BCeH TpyOKe, HMelolWeH Ha SKBaTOpe MOUlayb CeYeHHA 1 cm?. 

BpluvciMM uNCIO YacTH, OOpasyiomjuxca B 1 cek. B TpyOKe ceyeHHeM 
1 cm? Ha sKBaTope (cm. prc. 1). BosbMem Ha UIMpoTe A 3JieMeHT o6bema Tpy6- 
KH, paBHblit du =odl, rae o =cos® V4 — 3 cos? h—muloWaylb ceueHHA «Tpy6~ 
Ky, a dl —93seMeHT JJIMHbI MarHATHOM CHJIOBOH JMHUH. Ec NOTOK HeHTpo- 
HOB paBeH My H OHH MoMNaaloT Ha 3JIeMeHT o6bema dv nox yrJioM © K MJI0O- 
llayKe so, TO B 3TOM OObeMe du exkeceKYHAHO 6yyeT pacnamaTecaA nyo dL/ty Vx 
HeHTPOHOB (3[€Cb ty — BPCMA 2KH3HH HeHTpoHa, a Uy-—ero cKopoctb). H3 Bcex 
MpOLyKTOB pacmayla, BOSHHKINHX B dv, HYXXHO BbIOpaTb TOJIbKO OOslaqjaroulne 
TakHMH yrsiamu 9;, 6,-+d0,, 4TO 9TH YaACTHIbI Ha SKBaTOPe HMCIOT YrJbl 
65, 99 + do. 

DeKTPOHbI BbIeT 
JO 3JIeEKTPOHOB paciiaya, O 


fy (h, Rs) cos® h a sin 0, d0odl/totuV/ 4 — 3cos? d . 
0 


aloT TIpH paciage HeHTPOHOB H3OTPOMHO, H MOsTOMy 4HC- 
6ylaaiomlux yrsamu 9,, 8, + d6,, 6yqeT paBno 
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B pacuerax, B cooTBeTcTsHu c (°), MpHHMMaJOcb, TO MOTOK HeHTpOH 

ambOelo Uepes elMAMUAyIO cibepy Ha (PUKCHPOBaHHOH BbICOTe MPoMOpuMoHa.t 
fo} 

cos ®A an K< 50°. \ | 

TlosHOe YHCIO BIEKTPOHOB paciaya, BOSHHKaIOUIHX BO BCCH «Tpy6Ke», 6 

eT paBHo 


Amax 2>)'/2 
6, Rs) d8, = R cos Oy sit od8, \ fig (As Ro) COR AG dh, NF 
Ns ( 0» 3) W) ENG T Un F V cos sie 0.V4— 3 costa 


r2e Amax YAOBJIeTBOpAeT YpaBHeHH!O (3a), My (A, Rs) —MOTOK HeHTpOHOB epee 
enunnunyio ccbepy. B cBa3H ¢ TeM, YTO MpOTOHb! MpakTHYeCKH COXpPaHAIOT Hal 
paBsleHHe HeMTPOHOB, YHCJIO MpOTOHOB, BOSHHKAIOULHX B o6beme dv c yrviaM! 
‘0,, 6, + d0,, OyneT paBHO 


dl 
Np (A, Ro, 91) dO, = na (A, Ro, 93) 46, 2 


OvH 


TlomHoe uHcIO MpOTOHOB BO BCeli «TpyOKe» PaBHO 


ax 


rn 
R, Cos 0d8, ( n, (A, Ry, 91) cos’ A (4 — 3 cos? ryh 
V cos A— sin? 0,V 4—3cos? A 


Np (9, R;) d8, — =: dh, 


TU y ; 
rye a (h, Rs, 9,)—norok HelTpoHoB, M~yutHx nox yruiom 9, K Bexropy H 
yepe3 eMHUUHYyIO cpepy. 

J\na Toro uToObl onpewesHTb MOTOK YacTHIL «3eMHOFO KOplycKyJIApHoro 
H3JIYYeHHA», HEOOXOMMMO 3HaTb «(pakTOp HakoMeHHA» K (8), R,). B Tom cayyae, 
KOrla OCHOBHOM MpHYMHOH NOTepH SHEP ABJIAIOTCA HOHH3aHOHHbIe MOTepH, 
K (09, Rs) = 29/Ax (9, Ry). Saecb Z%—MpoOer, cooTBeTcTByiouNi sHepruH Eo; 
Ax — KOJMMYECTBO BeLeCTBAa, KOTOPoOe MpOXOAMT yacTHa Me@*KLy AByMA TOUKa- 
MH TlopopoTa. EcTb OCHOBaHHA CUWTaTb, YTO MPH NpOXoweHuN YaCTHIL yepes— 
aTmociepy OOulve MOTepH, BKJIOUaIONHe B ceOA NOTepH MpH CTONKHOBCHHH 
YaCTHIIbI KaK C 9JIEKTPOHAMH ATOMOB, TaK HM C 3JICKTPpOHAMH I1Jla3Mbl, IpHMepHO 
PaBHbI HOHH3alHOHHbIM TNoTepsM. 

IIpeqnovioxKuM, 4TO MOTHOCTh aTMOciepbl MeHAeTCA C BbICOTOH MO 3aKOHY 
p =p(h). Ilycts B Touxe (R, A) uacTHta ABMxKeTCH MOA yrsom 8 K cHu0BOH 
sMnnud. Torga, ec Yacruia MpoxozuT nyTb ds, TO MpoeKWHaA sTorO mMyTH Ha 
MarHHTHYIO CHJIOBy!0 JIMHHIO ecTb dl = dscos 9; TakuM O6pa3om: 


Amax(®) Vv 
2 4 OR Ty 5 
Ax = \e ds'=='2R, \ e (A) costaV 4 Soe Ae 
V cos® 4 — sin? 0,V 4—3cos?A 


IIpH pbluncienuu K Mbl mpeqnonaraem, to 0(h) = poe—"/2 Oo BbICOT 
A = 3000 km u p(h) = const = 10? aromos/em? mpa h~> 3000 xm. 3HauenHe 
fo Npuaato paBybim 1,4-10° aromos/cm® ya Bpicote 400 xm u z= 200 xm (oe 

Hamu OblIn MpoBeseHbl BbIMMCICHHA HHTCHCHBHOCTH «3eMHOrO Kopnycky- 
JAPHOLO H3AYYCHHA» Ha PaSHbIX BbICOTaX H WIMpoTax. PesysbTaTbI STHX PacueTOB 
NOKasaHbl Ha puc. 2. Ha paccrosHuax O6bUIMX, YeEM MpesCTAaBeHHBIC Ha puc. 2, 
HHTCHCHBHOCTh [OJDKHAa YMCHbINaTbCA CHavaa ~ 1/R® (Korqa yObitb YacTuI 
ONPEHEAACTCA HOHH3ANHOHHBIMH NOTepAMH) u saTeM~ 1/R’S (Kora yOblub YacTHI 
OMPCHEMACTCA YXONOM 3 “MarHUTHOH JIOBYLIKHY, CBA3AHHbIM C HeCOXpaHeHHeM 
MarHuTHOrO MomeHTa (*)). [IpopeyenHpie pacuersr, Oasupyroulneca Ha (*), no- 
KaSPIBAlOT, NTO XOTA YHCO pacnaarouluxca BOIM3H Semi HeliTPOHOB anbOezo 
KOCMHMCCKUX JIYYCH H OYCHb MaJlO, HO 3a AX CYeT MO*KET OOPasoBaTEeA HHTeH- 
CHBHOC SCMHOC KOPMYCKyApHoe n3yyeHne. ComoctaBeHHe BBITOAHeHHEIX 
PacieTOR C SKCICPHMCHTAJIbHBIMH JaHHbIMH (?) MOKa3bIBaer, UTO MOyuYeHHaA Ha 
OMbITe HHTCHCHBHOCTb BOJIM3H 9KBaTOpa MeHbIIe pacuerHow (B ~ 100 pas). 


CorsacHo SKCNepuMeHTaJIbHLIM aHHBIM (2) 3emHoe KOpMyCKyJIApHoe u3v1yyeHHe 
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voll 
} jeytcrByer Ha TeOMarHUTHBIX WIMPOTax Od/IbuIHX 40°, B TO BpeMa KaK MbI Mouy- 
“Bem j (A = 40°) ~ j (A = 0°) (pacxoxneHue Gomee uem B 10° pas). ; 

| [na cormacopanua c onpirom pa3syMHo JomycruTs CyULeCTBOBaHHe JONOHH- 
WWIBHBIX YTCY€K H3 «MarHHTHOM JIOBYLWIKH», OCOOCHHO CHVJIbHbIX Ha GOOJbIIINX 
(HpoTax. ITO MOXET ObITb BbISBAHO HaM4HeM STeKTpH4eCKUX Nonelt. B MOJIb3Y 
HIKOPO MPeANOOKCHUA TOBOPAT JaHHIC O CHJIbHOM BOSpacTaHHH C WMpOTOii 


O3MYLLCHHH 3CEMHOPO MarHuTHOroO HO- eee S 
a. [[pyrumu caoBaMn, MbI mpeqno- 5-107 10-10 %km 
es 


§araeM, YTO C POcTOM WupoTH Bce 4% 
pepuee HapyllaioTcaA 3amperbl, Ha- 
Saraembie Teopvei Llrepmepa a 
BePruio yacTuu. Ec 9To coorser- 
/TByeT Je€HCTBHTeEIbHOCTH, TO Ha JO- 
)TaTOUHO OOMbIINX WIMpoTax BOsMOx- 
(O MpoOHHKHOBeHHe K Semse YacTHLL 
Magix 9Heprni. C sToH TouKu 3pe- 
(Mf OOHapyxKeHHBIe B padore (’) 
{JIEKTPOHbI Cc aHeprueli ~100 KoB, +7 
JIOABIAIOULMeCA BCAKHH pas, Korya 

payTHHK lpouleTaeT Ha wupote Gomee 

30°, cleyer TpakTOBaTb Kak TlepBu4- 


i 


'dylO0 9JICKTPOHHYIO KOMMOHEHTY KOC- 


MHYeCCKHX JIYYeH, MpPHXOJALLyIO, M0 pha) 
igceli BHJMMOCTH, OT CovIHIa. WY ry he, ee 
_ PaccmorpeHupili MexaHH3M B03- Tyr 


HUKHOBCHHA W3J1YYCHHA OT paciiajla p 2B 

a uc. 2. BeicoTHad 3aBHCHMOCTb 3€MHOPO KOplly- 
oS ACRE ee MeSTe CKYJIAPHOrO H3sIyueHHA j (A, A) Ha pa3sHbIxX reo- 
BOIM3H aCTpOPusH4eCKUX OObEKTOB, — yarnurasix wupotax. Ilo ocu opyunat ori0xe- 
oOsaarouluxX MarHHTHbIM MoseM. Ilo- na senuauna I (h, A)=j (A, A)/ (4eVv0Roro/t00,), 
STOMY HCCJICOBAHHe 3TOrO H3JIy4e- no oc aOchucc — Bpicota A B TbICAYaX KHVJIO- 


HHA B OKPeCCTHOCTH ILWIAHeCT COJIHEY- MeTPOB. Vo—MOTOK HeHTpOHOB, BbIXOAALIHX 
M3 aTMocdepbl Ha 9KBaTOpe Yepe3 1 cM?; ro — 


Ce OCT BT BCA CDE: MOHH3aHOHHEIM MpoOer YaCTHU, BbIpPaxKeHHbIli 
CTBOM OOHAPy?KeHHA CaObIX MarHuT- COMMA TONGS ha A. CM 
HbIX TlomeH. Pacuerbl moKa3bIBalorT, . 


4uTO TAKHMM IYTeM MOryT ObITb OOHAPy- 
XKeHbI MArHUTHbIC MOMeHTHI B ~1000 pas MeHbLIMe, YEM MOMeHT Semin. JI1060- 


TIbITHO OTMECTHTb, UTO «SEMHOE KOPNYCKYJIAPHOe U3/yYeHHe» Ha JOCTaTOUHO 
OOuIbLUHX BbICOTax OyeT pasorpeBaTb aTMOC*Pepy 3HAUHTEIbHO CHJIbHeH, YeM 


wuanyueHne Conia. 
Asropbl BbIpaxalor ryOoKyto OarogapHocth J. B. Ckoberbubiny 3a COBeTHI 


vw ykasanua u M. C. PaOunosnyy 3a NOMOUIb B paCCMOTPeHHH BOMPOCcoB, CBA3aH- 
HbIX C 30peKTHBHOCTbIO MarHHTHOM JIOBYLIKH. 


MockosckHit rocyJapcTBeHHbIM yHHBepCHTeT peice 


um. M. B. Jlomonocopa 


IMTHPOBAHHASA JIMTEPATYPA 
Tes. Qoka. Ha accam6mee MIT, M., 1958. 


1 (6. Jak 18) Gj eau, MN 15 EEA pl Elis ose 
oA, Bb, Uy aa ae: p, Te3. Jou. Ha accamOnee MIT, M., 1958; C. H. Bep wos, H. JI. 
Tpuropos, VW. U. Jloraues,A. E. Uygzakos, JAH, 120, N 6 (1958); C. A. 
r “KLYHApOWH. KOH@ep. 10 MpHMeHEHHIO aTOM- 


. Moxa. Ha 2- Me 
Bepuos,A. E. Yygaxkos, Jo puos, A. E. Yynako su op., Ucxyccrsenune 


i eee Cp lah 1h 
De rey Gain. Lai. ‘AH CCCP, 1959. *® Ban-Aweu un op., Tes. Joka. Ha accamOsee 
MIT, M., 1958. 40. B. ®upcos, Pusuka N1a3Mbl HW Mmpo6.lemMa yipaBuAeMbIx TepMoszep- 
1bIX ’ peakuuil, Van. AH CCCP, 1958. °C. H. Bepuo B, A. M. K yauKkos, 
\.H. VWapaxupsu, Hsp. AH CCCP, cep. cbus., 17, 13 (1958). § A. JI. AAbNepTH DZp., 
Yon. cbu3. wHayKk, 65, 161 (1958). Hejl, Dpatropos, By Co My pane Miss. 
\H CCCP, cep. cbus., 17, 21(1953); H. JI. Tpuropos, Yen. tbu3. Hay, 58,599 (1956); 
. H. Bepuos, H. JI. Pp uropos, Nuovo Cim., Suppl., 4, Nt 2, 879° (1956). 
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Jloknayp AkafemMun Hayk ¢¢Fr 
1959. Tom 124, Ne5 


}O. H. JHECTPOBCKHA a JI. 11. KOCTOMAPOB 


W3Y4EHVME YJIBTPAPEJIATHBUCTCKUX 3APHOB NPH NHPOJIETE 
YEPE3 KPYIrJIOE OTBEPCTHE B IKPAHE ; 


(ITpedcmaeaeno axademuxom B. A. Beedencxum 14 X 1958) 


B nawx 3amerkax (!) NO_CUMTbIBaJIOCb H3JlyYeHHe MOAYJIMpOBaHHOrO Ty 
Ka 3apSDKeHHbIX YaCTHIL MpH MposieTe yepes Kpyrsloe OTBepcTHe B HleaJbh 
NOpBOAALeM I1IOcKOM 9kpaHe. Hcnoubsyx nmomyyeHHbie TaM aCHMMTOTHUECK 
(bopMYJIbI LWIA cuLyyad yJIbTpapeJIATHBUCTCKUX CKOPOCTeH, MbI OOpaTHMcsA Tene 
K HOACUeTY W3/IYYeHHA, BOSHHKalIOlero Mp Mposlere ywepe3s KpyrJioe OTBEpCT 
[IPOH3BO/IbHOrO aKCHaJIbHO CHMMeTpH4HO paciipesesienHoro sapaya. Ilpeqnoa. 
raeTcad, ITO 3apA ABMKeTCA Kak Wesloe € NOCTOAHHOM yJIbTpapeJIATHBHCTCK 
CKOPOCTbIO. | 

1. BpeyemM wna ypuyeckylo CHcTeMy KOOpWHaT C OCbIO Z, MpOXOAALL 
yepe3 IleHTp OTBePCTHA MepNeHAMKY JIAPHO MJIOCKOCTH S9KpaHa, HW TpeAMOsOKU 
YTO B MOJIOXKHTeCJIbHOM HalpaBJIeHHH OCH Z C MOCTOMHHOM yJIbTpapeATHBUCTCKCH 
eKopocTbio v (8 = v/c~ 1) ABwxKeTCH HeKOTOpHIH 3apag. IlycTb B ABHKyLeHc} 
CHcTeMe KOOPfMHaT 3apA pacnpemesieH C MMOTHOCTHIO p = p(r, Z), MpHyem pa 
juye 3apayqa 6b Menblle paquyca oTBepcTua a, T. e. o(r, z)=0 npu r > 
(6<a). IIpeacrapum nomHoe 93/IeKTpoMarHHTHOe Nowe B Be CyMMbI BY) 
CularaeMb1X 


oS Fo pied Be H™ = H --H, 


rye E® wy H — none PaBHOMepHO JBWKYUerocH sapsya B CBOOOZHOM mpc 
cTpauctBe; E 4 H — yoOapounoe nove, BbISBaHHoe HasIH4uNeM 9KpaHa. B cum 
aKCHaJIbHOH CHMMeTPHH 3aauH OTJIMUHBIMH OT HYJIs1 KOMMOHEHTAMH BCex Tpe 
nomen sBamotca E,, FE, u Hy. Tone E®, H® we W\aeT BKJaqa B M3 yyeHHeE 
HM 3ayaua CBOAMTCA K NoAcueTy WOOaBouHoroO Nowa. 

Pa310%xXUM MIOTHOCTh TOKa 


( eat 
ve(r, ———— } 


pth ag ate Bel 
iz(Pic, t= Vi-®& 
H 9JI@KTPOMArHATHBIe NO/A B HHTerpas Dyppe. Tora 
na ‘6 
jz(r, 2,0) = \ je(r, 2, theft dt = i (r,@) eS ce 
—0oo 


rye 
(ee) es SS 
irso)= \ e@.ze ° de, >= VaR a yioe 
TakuM o6pa3om, JWI KOMMOHeHT Dypbe aekTpoMarHHTHOrO HOVIs MBI 11 


JY4HM Sazady, paccmotpennyto B (1,2). Cornacno pe3sybTaTaM mm. 4 | 
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2 
|M- Takxe § 4 n3 (7)) mp 81 Kommonenta @ypbe o6aBouHorO MarHuTHOrO 
)IA B BOJIHOBOM 30He oMmpeyessetca mo cbopmyse 


R 
a 2e y|@la ylela ’ 4 3 
| R, 3, o) = —— ——— K, (4), (2° shal pl I 
| HH « ( ) oe: K, (a8 )4o(4 * sin 9) = = (1) 
| 


re R wu 3 — ctheprueckve Koopa_HHaTEr, 


b 


=e(2 eo (Ga w)o(%2r)rdr = 2x en 


—oco 


YOZ 
=f 


o(r, ze as (eer dr de; 


i ae a 


o— Pynkuna Beccena; J) w Ky —wnwngpuyeckne (byxKuun mauMoro apry- 
Yo 
enta. Benuanny e(e ) MOXKHO Ha3BaTb «3(PPeCKTHBHbIM 3apsyoM». TIpeycraBum 


| o - 
loPPeKTHBHBI 3apAl» B BUE € = eo% CS), re €) — NOJHbIN 3apay 


Cy ot \ a (G2) Far dz, 
0 


—oo 


= -= 


ax — Oe3pa3MepHan BeJiHUHHAa, 3aBHCAlLaA OT paciipeweJIeHHA 3apAya 


co yo 


b 

; ag De 
Vto(ter\e eV elrez)rdr dz 
0 


co b 
\ |e (7, 2) dr dz 
0 


——-Oo) 
[na sapsifa, paBHOMepHoO pacnpefesieHHoro BHYTpH wWnMHypa —loz<l, 
I< Tr<Kb 
yo! 
a Ny (2 b) sin < ; 
eat eee ”) 
ee rs 


Wit TOYeUHOrO 3apaga (1-0, 6-0) a=1. 
2. Tenepb noycuuTaeM H3JlydeHHy!O 9HeprHio 


g— (has | | Hy (R, 9, t)Pdt = os (Jas |H¢(R, %,)|2do, (3) 


33 OS. wee 


“ye L—ccepa foctatouno Oosbuloro payuyca. Tloycrapaaa (1) B (3) u Mo- 
jarad XxX = ywa/c, NoJyuHM 
2 
ve a 5 
Sea ig) = Tiel, 


e 


0 
ae T = mc? —nonnasa aneprua sapana, &= Tox, » 


Tt |2 oo 
D sin? 9d \ | 
Ka \ (2 + sin? 9)? 
0 0 


[IpouspefeM B MuTerpase (4) 3aMeHy MepeMeHHBbIXx 


$ = aresin 3, = EN: 


Cy 
{ 


B pesyJbTaTe OyeM HMeTb 
Bah ee ot 2+ | o (— &m) |?] K2 (Eq) J (9) Wdn. 1 
Tlocmeyuee cooTHouleHve moKasbisaet, uTO f(y) wMeeT KOHeUHbIA ae 
npu y¥—>0 (B— 1): | 
: 5° Bae Reape 
Me F(x) = fo= =| Ta ep [| a (En) |? + | (— &y) [7] K2 (Eq) J2 (y) 4? dn, 


wT 
0 0 


Mw MbI MpHxoquM K CJlexyiomeH PopMye AA NOMHOrO U3y4eHHA B yas 
PeJIATHBUCTCKOM CJIy4ae: | 
Te 


ee ee ( 


° (moc?a 


é=f 


Benuguna fy, paBdad mo mopanky eMHuue, XapakTepa3yeT 3a3HCHMOCTb HM: 
mlydeHuad OT mpocrpadcTBedHoro pacipeqemenua 3apaqa. [na TouewHoro 3apa 


4 co 2d oc 
fo==\ ater | K? (Eq) J (9) x? dy =1. 
0 0 


B ciydae, KOra 3apa AMecer BHA TOHKOrO WHJIMHTpa AVIMAbI lc mocTroxHHo 
sin pen i 


JIMHeCHHOHU MJIOTHOCTbIO, & = rr 


Gita dea (a! 2 i 
w= = \ ceer) Gia) Deen tn wa. 
0 0 


UucuenHbili pacueT moKa3bIBaeT, 4YTO MpH H3MeHeHHH uw oT 0 (TO“eUHBE 
sapan) 40 10 fo(u) MeameHHo y6bIBaeT oT | go 0,5. 

[pacuk cdyakuun fo (u) mpuBeyeH Ha prc. 1. Yuer KoneUHOM TOMULMHI 3% 
paqa, KaK MoKa3biBaeT (opmysia (2), MpHBOAUT K yBemMyeHHtO fo (tu). 

3. Tepeiqem xk o6cyxjenmo pesysbTatos. M3 dopmysb (1) cmeqyer, 41 

MAKCHMYM CI€KTpaJIbHOH MJIOTHOCTH H3JIYYCHHA HaXOQUTcCA B OO6aCTH MaJibl 

; yacToT. IIpH yBemM4eHHH CKOpocTH 3: 

paAqa OJ KOPOTKHX BOJIH B H3J1y4eHHO 

SHeprHaH BospacraeT. IJomHaa 3Hepry 

H3J1YYeHHA MPONOPUMOHAaJbHa MOJHO 

z SHeprHH 3apaqa T = mc?, mpwuem 4u 

ne OTHOLMeHHe, paBHoe f (y)S—~f5, Mau 

3aBHCHT OT ckKopocTuH. Jaa oHOr 

057 r 7  I€KTpOHa STO OTHOUIeHHe OveHb Mask 

Prie OHO HMeeT MOpANOK OTHOUWIeCHHA «MHI 

PO»- K «MaKpO»-pasmepam (€2/mc? = ro- 

~ 107 cm —«knaccuyeckuit paguye 


KOB BeJIMYHHa fy, a CNeOBaTe Tape? ae 
“ “bHO, H Mapamerp 6 pactytT nponopuMonasbH 
YHCJY SJICKTPOHOB B CrycrTKe. OE agi 


Tlonyuenubie pe3ysbTaTet 
M3ly¥aeMOH YacTHIaMH B yc 
HeOWHOpOmHOocTeH B ycKops 
4028 


Puc. 4 


MOrYyT OblTb HCNOJIb30BaHbI WIA OWeHKH 3HeprHt 
KOPHTe AX MPH MposleTe MHMO reoMeTpHyecK? 
fOWMX MPOM@xyTKax. JI CHHXPOTPOHOB cpeyHY 


} 


H 
| 


vepruii (~ 100 Moss) uncno yactTuy B crycrKe N ~ 10®— 10°, zymua crycTKa 
~ 10? cm, pa3mMepbI HeoqHOpoynocteh a~ 10 cm. B pesyaprate Ayia 9Heprun, 
31yYeHHOH MpH OAHOM Mposete, Monyuaem @~ 1047. Tlockompky uncso 
pOsIeTOB Yepes YCKOPAIOMUMe NMPOMeKYTKH B WHKJIHYCCKHX YCKOPHTeAX BeCb- 
a Bemuko (~ 10°— 108), jannpiii sddbekT oka3biBaeTCH 3aMeTHBIM, H eFo CJle- 
yer YUHTBIBATh MPH MPOeCKTHEOBAaHHH YCKOpHTeel yJIbTpapeIATHBUCTCKHX 
iCTHIL. 


 Mocxosckuit TocyapcTBeHHbIH YyHHBepCcHTeT Toctynuso 
um. M. B. Jlomonocosa 26 IX 1958 


UWHMTHPOBAHHAA JIMTEPATYPA 
110.H. Wuectposckuk, O.M. Koctomapos, JAH, 124, Ne 4 (1959). 
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Jloxxann Akagemun Hayk cccP 
1959. Tom 124, Ne 5 


A. JI. 3EJIBMAHOB 


K MOCTAHOBKE BOMPOCA 0 BECKOHEYHOCTH UO CN 
B OBLUEM TEOPHH OTHOCHTEJIBHOCTH 


(IIpedcmasneno axademuxom B. A, Poxom 6 XI 1958) 


1. B oOujeli TeopHuH OTHOCHTEMbHOCTH Tlepexoy OT OHOPOMHBIX W30TPONHE 
KOCMOJIOrH4eCKUX MOseel K AHH3OTPOMHOH HEOXHOPOAHOH BCeJICHHOH MP: 
BOLUT K HeOOXOAMMOCTH YTOUHEHHA MOCTAHOBKH BOIpOca O OeECKOHEYHOCTH Wj 
KOHCYHOCTH (KaK MbI OyeM TOBOPHTb, BOMpoca oO [1pOTAXKCHHOCTH) IIpocTpaHcTB 
IIpu paccMoTpeHuu OHOPOAHbIX H3OTPOMHBIX MOJeeH OH CTABHTCA KaK BONDPG 
© MPOTA2KCHHOCTH TOJIOHOMHOFO MpOcTpaHcTBa COMyTCTByIOuleH — Macce H 
BeulecTBy — CucTeMbI oTc¥eTa. Takaad MocTaHOBKa BOMpoca BO3MO%KHAa U one 
3HadHa TaKxKe B HEKOTOPBIX J[PyrHX YaCTHbIX CJIyYaAX, HO He B OOMIEM Cy 
aHH3OTPONHOM HeOLHOpOAHOH BceleHHOH. Mexkyly TeM, OT NOCTaHOBKH BOIpO 
MOXKET 34BHCeTb HW OTBET Ha Hero. B sTOM CBA3H CyYWeECTBeHHO, YTO HHBAPHaHTH 
JIMIb CBOMCTBa IpOCTpaHCTBeHHO-BPe€MCHHOFO KOHTHHYYMA, HO He efo pace 
HHe€ Ha BPpeMA HW MpocTpaHCTBO HM He CBOHCTBa NOCeXHHX. 

YCJOBMMCH, GTO rpeyeckHe 3HauKH mpoOeratoT 3HaueHuA O, 1, 2, 3, MaTH 
cKHe — similb 1, 2, 3, uTo Bce X* BellleCTBeHHbI, ds? = g,,dx"dx’, B MeCTHO! 
raJIHWJleeBoH cuctemMe ds* = (dx°)? — (dx1)® — (dx?)? — (dx?)?. CuctTembl yeTbIpe 
KOOpAHHaT, CBA3aHHbIe peoOpa3s0BaHHAMH Bua xo = x0 (x9, ach 2? ee) ee 
=x! (Cex) Oxt/Ox0 = 0, OyeM cuuTaTb, NO ompeqeseHHIO, MpHHaex*KallHM 
K OWHOH M TOM %e cucTemMe oTcyueTa. BctO oOOacTb MOMYCTHMBIX 3Ha¥eHH! 
YeTbIPeX KOOPAMHaT CHCTeMbl OyJeM Ha3bIBaTb €e MHPOM. 

2. Ilycrb ana cucreMa oTcueTa, WHav¥e ToBops, BbIOpana KOHTIpPySHUM: 
BPCMeHHO-NOJOOHBIX JIMHHi B KayecTBe JIMHMH BpeMenH (x’ = const). B Kaxyo! 
MHPOBOH TOUKE OlpeeJHM TPeXMepHOe MOKaJIbHOe MpOCTpaHCTBO, OPTOrOHaJb 
Hoe B HeH K JIMHMM BpemMeHH. IJoy TpexMepHbiIM mpoctTpaHcTsom (1) jaHHO! 
CHCTeMbI OTCYeTa Oy eM NOHHMaTb MHOrOOOpa3He TaKHX JIOKAJIbHbIX MPOCT paHcTB 
OMpeeJIeHHbIX BO BC€X MHPOBbIX TOUKAX KOHeYHOM HH GecKOHeYHOM YeTHIpeX 
MepHOH OOJlacTH, a Oj HerOJIOHOMHOCTHIO NpocTpaHcCTBa — HeroJIOHOMHOCT 
storo  MHorooOpasua. Ilycrb saqaHbl TakxKe MPOCTpaHCTBeHHbIe ceyeHy 
(x° = const). Iloq npocrpancrsoMm jaHHoli cHcTeMbI oTcueTa mpH (060M 
NOCTOAHHOM 3HayeHHH x° = 6 OyjleM MOHHMaTb COBOKYMHOCTb JIOKaJIbHbIX po 
CTPaHCTB, OMPejeJICHHbIX BO BC€X MHPOBbIX TOUKaXx ceyeHua x9 = b. Tonounom 
HOCTb MpOCTpaHCTBa JaHHOH CHCTeMbI OTC¥UeTA PaBHOCHJIbHa BO3MOXKHOCTH Ta 
KOrO BbIOOpa KOOPAMHAaTbI BpeMeHH xX°, KOTOPbIii MpHBOAUT K COBMaseHUIO Ipo 
CTpaHCTBa TIpH JIOObIX sHaveHHAX X° C MpOCTpaHCTBeHHbIMA ceyeHHAMHU Xo = 
= const (Torga BCIORy gor = 0). 

Jaa snemMenTapHo qumHbI du B npocTpaHcTBe WaHHolt CHCTeMBI OTCUeTA- 
AJA SNCMCHTAPHON JVIMHbI dn B NpocTpaHcTBeHHOM ceyenuH x° = const Mee! 
du? = hiydxtdx®, dn® = yipdxidx*, mpHyem 


Foor ; - g& 
hy = — ou AMEE G2 SIE ow pee 
Rk Lik S| ox h . ie ’ h ae ’ (1 
; 02,0 
Yk = — Bin, Y= — gh + Fe, y= — gam (: 
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me =| 8w|, h=|hel, y=|yx|. B mo6oii MHpoBoH TOUKe AD>y u (npn 
HOObIX WaHHEIX dx/) du? > dn®. Tlpocrpancrsennaa MeTpuka (1) (cM. Tak»xKe 
‘)) copnayaeT c mpunatol B (2,3). B Kaxqoii MHpoBoH Touke BesHUMHbI (1) 
aBHCHT OT BbIOOpa JHHHH BpemMeHU, HO, BCJeqcTBHe XPOHOMeTPHYeCcKOH HHBa- 
IMaHTHOCTH (*), He3aBHCHMbI OT BbIOOpa mpocTpancTBeHHBIX ceueHHH, Tora 
‘aK BeJIMYHHBI (2) 3aBMCaAT OT BEIGOOPa STHX CeyeHUi, HO He OT BbIOOpa JIH- 
(4H Bpemenn. Merpuxe (1) npucym TaKxKe CJIeAyIoulwe CBOHCTBa: a) OHa BCIO- 
(y MpOCTpaHCcTBeHHO-NofoOHa, T. e. ONpesesisiempIe e10 QJIEMeHTapHble JJIMHbI, 
Wiona 4 MH OObeMBI BCerya BeLLeCTBEHHBI; 6) STH BeHUHHEI B OKPeCTHOCTAX 
(@KJOH MHPOBOH TOUKH MpH sOOBIX JaHHpx dx! COBMaaioT C OHOHMeCHHBIMH 
BCUMUHHAMH, OMpeeJIseMbIMH B MeCTHOH TasHJeeBoi cucTemMe, TpexMepHast 
i(:KOPOCTb KOTOPOH OTHOCHTeJIbHO paccMarpHBaeMoli CHCTeMBI B 9TOL MMpOBOli 
/rouke paBHa Hysiio. Merpnka (2), BooOule ropops, He OGJlalaer STUMH CBOii- 
/TBaMH (CM., HampHMep, cTallMonapHyio Mogenb Tees (4)). O6e MeTPHKH 
}oBnayaioT mpH go:=0. Tlpoctpanctso mpu s06om nocTrosHHOM 3Hay4eHMH 
'x® = b MOxKHO paccMaTpuBaTb Kak ceyeHHe x° = 0, B KOTOPOM MeTpHKa (2) 
(3aMeHeHa MeTpHKOH (1). OuesuyHo, moj, MpocTpaHcCTBeHHbIM OObeMOM s10G6Oii 
}POCTpaHCTBeHHO-BpeMeHHON OOaCTH NpH KakoM-s1M60 3HayeHuM x° = 6 HYxKHO 
HOHHMaTb OObeM MpOCTpaHcTBa Mp STOM 3HayeHHH x°, HHaye ToBops, oObeM 


eee 


ycedeHua x° = 6 npu merpuke (1). Dror o6bem 3aBHCHT He TOJbKO OT BBIGOpa 
yceyveHu, HO M OT BbIOOpa JMHAM BpeMeHH. Bo3HHKaeT BOMpoc O BO3MOX*KHOCTH 


Toro, 4TO MpocTpaHcTBeHHbIi OObeM MHPOBbIX (IIPpOCTpaHCTBeHHO-BpeMeHHBIX) 


i 


oOylacTeli — WIM JlaxKe BCerO MUPa KOOPAMHATHOH CHCTeMBI, eCJIM ero OTHOCHTS, 
BooOme TOBOpA, K JIPyrHM CHCTeMaM, —KOHeYeH MpH OfHOM BbIGOpe mpoctpaH- 
(CTBCHHDIX CeveHHH HW JMHHH BpeMeHW uM OecKOHeYeH Mp ApyroM UX BbIGope 
}(BONpoc 06 OTHOCHTeHHOCTH MpOCTPaHCTBeEHHOH MpPoOTHXKeHHOCTH MUPOBBIX O6- 
JlacTeH HJIM Mupa). 

3. IIpu paccmMotpenuu oOcyxjaemoro 3ffecb Borpoca keslecooOpa3Ho cuyH- 
me (puSHYeCKH MpeHMyllecTBeHHOH CHcTeMy oOTCYeTAa, BCIOAY comyTcTByIoULy10 
mMacce, T. €. yOBsIeTBOpsAIOULyIo ycoBuio: T) = 0 upu Ty), =60, rge T;, —mupo- 
‘Bolt TeH30p 3HeprHv HM MMMysECa. O{HaKO CKa3aHHOe HWKE CMpaBefJMBO M IPH 
JHO6OM WHOM BbIGOpe (H3HUeCKH MIpeHMyleCTBeEHHOH CHCTeMBI. 


MbIcJIMMBbI [Ba CJyuasn: 
1) Musnueckn MpeuMylecTBeHHad CHCTeMa, OHO3HAYHO olpeseiennas, 


\CylecTBYyeT, a Ce NPOCTpaHcTBO FosOHOMHO. B STOM C/lyyae BOMpoc O IIpoTsxKeH- 
-HOCTH MIpOCTpaHCTBa MOxKET ObITh MOCTABMeH OLHOSHAYHO KaK BOMpOC O MporTs- 
2KCHHOCTH TOJIOHOMHOFO MpOcTpaHcTBa (PU3HYECKH MPeMMYILCCTBEHHOH CHCTeMHI. 
2) JIu60 npocrpancrBo usH4eckH MIpeMMyllecTBeHHOH CHCTeMbI HePOJIOHOM- 
HO, MOO TAaKOl CHCTeMBI, OMpeWeeHHOM OHO3HAHO, He CyulecTByeT. Cuezo- 
BaTeIbHO, JIMOO He CYI[eCTByeT JIMUIb (OMHOSHAYHO onpexemeHHo) pusuyecku 
TIPCHMYL{eCTBCHHOM COBOKYMHOCTH MPOCTPaHCTBCHHEIX CCeHHH, HOO He Cy- 
mlecTByeT TakxKe (OHO3HAYHO OMpeyeeHHOH) PusH4ecKH MpeHMyllecTBeHHOH 
KOHTpy2HIMM JHHui Bpemenu. B sToM crydae yKasaHHas BEI MOCTAHOBKa BO- 
Mpoca O MPOTAXKEHHOCTH MpOCTPaHCTBa HEBOSMO7KHA. : 
Bompoc 06 OTHOCHTeEbHOCTH STO MpOTAXKeHHOCTH HMeeT 3HaveHHe H B Ilep- 
BOM CJly¥ae, HO CTAHOBUTCA OCOOCHHO CYM[CCTBCHHBIM BO Boney cmyyae. 
Bn. 4 mpuBeyenbl NpHMepbl, MpHHaierkalllue K C/Tydato i = One geeleoe 
IIPOCTpaHCTBeHHad MPOTAXCHHOCTb MHPOBBIX o6lacTeH HIM Mupa pos! , os 
(BclefcTBHe HeOrpaHHueHHOrO BospacTaHuA AOpeHleBa COKpaulenHA pu ae 
6IM2KEHHU CKOPOCTH OTHOCHTEJIbHOFO ABH2KCHHH ete ee pte! as sae 
Hoi). Bompoc 0 TakOH OTHOCHTeJbHOCTH B Culyuae 2, FM, B KOTOP pen 
crapuia Obl HaHOo/bUIHit MHTepeC, B HaCTOALeH 3aMCTKC JIHIIIb OT. 
4. Tycth do? = da® + sin?a-dB?; % u Pare GOODIMEANH ie Stee 2, X59, 
®) — pajivasbuble KOOPMHAaTbI B YeTbIPex cuctemax; @, 4 a . cee ee 
HATH BPeMeHH COOTBETCTBEHHO B TeX IKE CHCTeMAX, IPHYEM 4 OOS m/2, 


0< BCom, — 2K e<+A/2% —PKLK +h Fo O, X, , Q vome- 


HAIOTCA OT — OO JO -- OO. 
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PaccMoTpyM TaJiWJieeB MUp B CHCTeMax (5), KOTOpble MOXKHO HasBaTb CHC 
mamu Munxoscxoro (3) u Po6eprcona (4). [leppasi — MHepuMasIbHax, BTOpan yf 
cBoOOLHO Majatomlad HecTalMoHapHad. O6e MoryT ObITb OCYILECTBJICHBI CHC) 
MaMH CBOOOJHBIX mpoOuprx yacTuu. [fosaraa 0 <a? = const (KocmM4eckaA 
ctosuHan A paBHa HYJiO), MOXeM HallHcaTb: 


ds? = a® [dW? — (dd? + ¢?-do)], 
ds? — a? [dQ? — Q? (dw? + sh?w-do”)], 
O=?—¢, tho=9o/F. 


Kaxxypilt 43 mupos (3) u (4) B cBoef cucreme ‘o6JlaqaeT OeCKOHeUHBIM Mf} 
ctpauctBom. Ho uz (5) calenyet, uTo Mup (4) CocTaBseT 4aCTb Mupa (3) | 
B CHCTeMe MocslIeqHero HMeeT KOHEYHOe MPOCTpaHCTBO, OMpefeJIeEHHOe YCJIOBK 
ee | 

PaccMOTpuM MpocTpaHCTBeHHO-BpeMCHHOH MHp MOCTOAHHOM PHMaHOBOH KP, 
BU3HbI IPH He paBHOli HyJIO KOCMMYeCKOH NocTosHHoH A B CHcTeMax (j 
KOTOpble MOXKHO Ha3BaTb cucteMamu @puymaHa (6), Ae Curtepa (9), Jian 
wa (10), JIemerpa (11) u Po6eprcona (7), (12). Cuctempr (7), (10), (11)) 
(12)—cBo6oqHo najatoulme H MOryT ObITb OCYIeCTBJIeEHbI CHCTeMaMH cBOOOJHH 
MpOOHbIX U“aCTHIL. 


i 
j 


B cnyyae A <0 moxem HamucaTb, nojaran a? = — 3/A: 
ds? = a? (ch? p-d'¥? — (dd? +- sh? b-do?)], (( 
ds? = a? [dQ? — sin? Q (dw? + sh? w-ds*)], ( 
cosQ=cos¥-chy, tho=csc¥-thp. (i 


cTpaHcTBom. Ho ue (8) culeqyeT, uTo mup (7) cocTaBsseT YacTb Mupa (6) 
B CHCTeMe MoCJIeHero HM€eT KOHeCYHOE MPOCTPaHCTBO, OMpeyeseHHOe ycJIOBHeE 
th = sine Ne | 

B cayyae A> 0 moxkem Hanucatb, nosaraa a? = 3/A: 


ds? = a? [cos*p-d®® — (dg? + sin’g-do?)}, (¢ 

ds? = a? [dX?}— ch?X (dy? + sin®y-ds?)}, (if 

ds? = a? [dY?— exp 2 (dd? + ¢?-do?)], (13 

ds® = a? [dQ? — sh?Q (dw? + sh®w-ds?)], (12 

thd =thX-secy, sing=chX-siny, (le 

exp =shX-+chX-cosy, = WES (14 
chQ=chX-cosy, tho =cthX-siny. (le 


Mup (9) B cBoeli cucTeMe wMeer KOHeUHOe MIpOCTpaHCTBO, OrpaHH4eHHC 
ropu30nTom |~| = 7/2. Mup (10) B cBoel cucreme o6mayaeT KOHCUHBIM 3ah 
KHYTBIM (cipepHueckuM) mpocTpaHcTBom. Kaxkypii 13 mMupos (11) u (12) B cB 
eH cucreme oOlaqaeT OecKoHeYHEIM npoctpanctBom. Ho u3 (13), (14) uw (1 
cueqyeT, ITO Kak Abii U3 MupoB (9), (11) nu (12) cocraBaser acts mupa (10 


H B CucTeMe MocvIeqHerO OHH HMeIOT KOHeUHBIe MpOcTpaHcTBa, OlpeeJICHHbI 
COOTBETCTBEHHO, YCJIOBHAMH: 


COS Yee] LOX Cas ye etn COS ya ch ks, 


B cBa3H ¢ Bompocom 06 oTHocHTeNbHOCTH MPOTAKCHHOCTH MPOCTPaHCTE 
M3 PaCCMOTPeHHBIX HPHMepOB HaKOO/bWIMH MHTepec MIpeAcTaBAeT COBOKY’ 
HOCTb CHCTeEM (10), (11) n (12). Bee PaCCMOTPeHHbIe MpHMepbI MOKa3bIBAaIOT, 
OeckoHeuHbI B MpocrpaHcTBe H BO BPCMCHH MHP KaKOH-IMOO CHCTeMBI MOx 


H€ OXBaTbIBaTbh BCeH BCeeCHHOH WH 6ObITb YaCTHIO MHpa [[pyrou cucTeMbl. 
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Jlio6an nocTaHoBKa Bompoca O OecKOHeUHOCTH MpocTpaHcTBa CBA3aHa C pac~ 
2MOTpeHHeM OeCKOHEYHEIX MUPOBbIx oOOvacTel. CeqoBaTembHo, oOcyxTeHHe 
(sTOrO BOMpoca B usMyecKOl TeopHH, KOTOPad MOxeT ObITb cpaBefJIMBOK B KO- 
HCUHBIX OOMACTAX, 3aksIOUAeT B Cee ee HEHZOEKHYIO SKCTPanoAlulo. ITO 06- 
CTOATEJICTBO, PasyMEeTCA, HEOOXOJHMO HMETb B BHLY, MOMb3YACb NOMYYaeMbIMKA 
pH TakOM OOcyKeHHH BbIBOaMH. 


TocynapcTBeHHBIH acTpOHOMMYeCKHH MHCTHTYT TlocrynuIo 
um. II. K. Ulrepx6epra 3 X1 1958 


WHTHPOBAHHAS JIMATEPATYPA 
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menu u tarotenua, M., 1955. 4 K.G6del, Rev. Mod. Phys., 21, Ne 3, 447 (1949). 
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Jloxxagm Axkayemun nayk CCCP 
1959. Tom 124, Ne 5 


PH3HK Ay 


C. M. PbIBKHH u H. Bb. CTPOKAH 


‘K BOMPOCY O PEJIAKCALLHH HEPABHOBECHOHM IIPOBOJMMOCTH 
MPH PEKOMBMHALUMM YEPES JIOBYUIKH 


(ITpedcmaeaeno axademuxom A. ®. Hope 25 X 1958) 


Kak cnexyer u3 padorp Ioxnu u Puga('), HepaBHOBeCHadA MPOBOAHMOCTH} 
‘B Cy4Yae, ECM PCKOMONHAILMA MpOUCXOAMT Yepe3s UpocTble* WeHTPbI OHOFOs 
THMa, He@IHHEHHO 3aBHCHT OT ypOBHA BosOyxyeHHA. JlelicTBHTeIbHO, eCJIH,| 
HallpHMep, H€paBHOBeCHbIe HOCHTeIM Te-| 
HePHpylOTCA CBETOM, HHTCHCHBHOCTb KOTO- 
poro /, a Koadpullwent normomenua R, | 
TO CTallMOHapHad KOHICHTpalluA HepaB-} 
HOBECHBIX HOCHTeJIeH MOKeT, KaK H3BECTHO, | 
ObITb 3allncaHa B Bue 


Atter = Bhi ter. (1) 


SIeCb ter — BPCMA X%KH3HH B CTallHOHap- 
HOM cocTOaHHH; B — Koos*PHIMeHT, HMerO- 


° I 2 
‘Puc, 1. Suepreruueckaa cxema Tepexo- ULHH CMBbICJI KBAHTOBOFO BEINOMS: CCH f H3-} 


7 i = 
HOB Ip pekoMOuHanwH Yepes mpocTsie MepxeTCA BKBaHTAaX:CeK ~-CM °. 
JOBYINKU Tloncrapus B (1) BpIpaxkeHHe WIA CTa- | 


IWHOHapHOrO 3HaYeHHA BPeCMCHH %XKH3HH, 
TomyueHHoe B (1) WIA Cy4ad Mano KOHILeHTpalluH OByuIeK**: | 


fy Pot Op 


4+ aAn | 
Ton == Tp rae cAn,.. ’ 
ilo yuaem 
1 aan 
Ancor = 8kIt, i+ cAn,,’ (3) 
‘oTKya 
4 1 a 
Aner = 5- lapkit, — 1 + V (aBkI=, — 1)? + 4cBkIr,] - (4) 


Kak BHAHO u3 (4), CBA3b Mexy Anoy H MHTCHCHBHOCTbIO BOs6yxJeHHA | 
HewMHeHHa (Ha puc. 4 B ABOHHOM JorapHdMuyecKoM MacuITabe 4300 parKeHbI 
TCOPETHYCCKHE KPHBbIC STO 3aBHCHMOCTH JWIA DByX CooTHOUeHHM a/c). 

Henunelinaa 3aBHCHMOCTh Afoy = /(/), BooOuye ropops, yKa3biBaer Ha He- 
SKCHOHCHIMAJIBHBIM XapaKTep KPHBbIX PellaKCallMH HePpaBHOBeCHOM MpoBogu- 
MocTH (IpH BosOyxKeHHH I]-umnysbcamu). Orcioza oveBHHO, 4TO WIA MOMHOTO 
ONHCaHAA HePpaBHOBeCHOH MPOBOAMMOCTH HeOOXOAMMO, HapsAlky co crallMouap- 
HBIMH XaPakTepHCTHKAMH, NOAYYeHHbIMM B (') (HaNpuMep tor), MPHB/JeKaTb 


* 
: IIpoctstmu HeHTPaMH MBI OY€M HMCHOBAaTb KCHTPHI, DIA KOTOPbIX BOSMOXKHHI MHUIb [Ba 
aPAROBLIX COCTOAHHA: HEHTPaJIbHOe H C OMHOKPATHHIM 3apAayoM. 


** es 
B JatbuHelituem, ec Her OrOBOPKH, HcCMOAb3yloTca oOosHayeHHa WoKkau uw Puaa. 
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. iene Se Se ia NOJLYYCHHA KOTOPbIX HeOOXOAUMO pe- 
ee onabs We TBE TaKUX XAPakTepHCTHK Iesecoob pas- 
HOBCHHbIC 3HAYCHHA BPCMCHH KUSH tyr(?), 3HAHHE KOTOPBIX 
1O3BOIACT ONPeAeIHTb HE TONbKO 
‘-TallMOHApHbIe 3HaYeHHA, HO HW KDUH- 
#3bIe pellakcalluH = HepaBHOBeCHOli 
) 1poBoxuMocrn. 
' Bonpoc o kuHeruke HaBeqeHHoit 
|TPOBOAuMOocTH pH peKomMOuHallnn 
jtepe3 JIOByWIKH Teopernyueckn yxKe 
)paccmaTpuBaca B (**). B Hactoa- 
juleH paOore n3JlaraioTcd pesybTarbl 
IKCICPHMEHTAJIbHOH MpOBepKu Teo- 
PHH B CJlyyae MaOro 4nCa OBy- 
mek, HO MNpH JwObIxX ypoBHAX 7 
HHbeKILNH. Pre, 2, Al. (pe 2 — pemakcaluHoHHan 
Sie. 2 prem 4 ECKOC  kpupan mo dopmyse (10), 3 —e!/*, B. Cpen- 
pPaccmMoTpeune. Hainem 3a- HAA KPHBad — OCHMOrpaMMa CilafaHus KOHILCH- 
IBHCHMOCTb OT BPCMCHH HepaBHOBe- TPaunn mpH ypoBHe unbexunH An,, /(Mo + Po) = 
CHOH KOHUeHTpallMn HOCHTeENeH AIA = =4 uw t9/ to = 9; BEPXHAA HW HMDKHAA KpHBBIe 
MOJIYIPOBOJHHKa C OJHHM THIIOM — OCIHJIJOPpPaMMbl SKCIOHEHT C MOCTOAHHbIMA 
Npocrbix WoBymek M, cxema mepe- BPCMCHH COOTBETCTBCHHO To H Too 
XONOB JIA KOTOpOrO U300paxKeHa 
Ha puc. 1. Kunermueckue ypaBHeHuA B OOO3HaYeHHAX, ACHbIX M3 PHuCYHKa, 
MMeIOT BU* 


dn|dt =_kBI — y,n(M —m) + ynmNem, (5) 
dm/dt = yan (M — m) — yAmNem — Ypmp + Xp (M — m) Pome (6) 
dp/dt = RBI —ypmp + yp (M — m) Pom. (7) 

SanuuleMm ycloBHe HelTpalbHocTH B Bue Ap = An-~- Am= An. 


Ecuu, KaK Mbl IIPHHAJIM, MOJHOC H3MCHCHHE KOHILCHTPallHH IJICKTPOHOB Ha 
jlopyuikax Am mpeHeOpexKuMO MaJlO CpaBHuTelbHO Cc Anu Ap M, CICQOBaTEIIb- 
Ho, An& Ap, To KayecTBeHHO OUCBHAHO, YTO B TeYeHHE OCHOBHOM YacTH MOHO- 
TOHHOFO mpolecca pelakcalluu (KOTOPbIM Mbl HHTepecyeMca) MpakTH¥ecKH 
JOJOKHI ObITb paBHb! u MmponsBoguble dn/dt u dp/dt**. Torga, npupaBHuBas 
mpaspre uactu (5) u (7), HaxXOJuM m u, MOCTaBAAA ero B ypaBHenne (5), uMeem 


dn Yn¥p (Nem Pom —"P) 8 
dp = PT Wc +1) +p Pom +P) : 


“JIM, YUUTBIBad, YTO N=n,+An, p=py,+Ap, NemPom = MpPo, TMouyyaem 


YnYp (An + tM + Po) Zap 3 of (9) 


dAn , M 
Yp (A+ Po + Pom) + Yn (A2 + M + Nem) 


a 


B ypapyenun (9) mepeMeHHble pa3fevimoTcA H, HallpHMep, Avy KpHBOH cma- 
1aHua POTOMpoBo,HMocTH (R87 =0) c ydeTOM HawaJIbHOrO yCNOBUA An=ANen 


ipu t = 0 umeem 
sey An 
i ( s\n fly + Po Slane (10) 


An-+ to + Po Too 


1 o3HaualoTcA Yepes My VM pi) HMeIOT CMBICA 
* Beawwnst Ny H Poy (KOTOpbie B (1) 06 ; p Px) 
peKTHBIX TIIOTHOCTEM ICKTPOHHEIX H [bIPOMHBIX COCTOAHMI B Pa3PeWICHHEIX 30HaX, MpHEe- 


6 
eHHBIX K yponmio Jopyuiek M (°). ; : é 
wes ae eae npennonorkenHa dn/dt = dp/dt cnefyeT HM M3 CTporoli KoMYecTBeHHOH 


ICHKH, KOTOpast He MpMBOAHTCA 3a HeAOCTaTKOM MecTa. 
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An , 
= — WTb 
O6pa3yA tur Aid? MO}KHO TOY 


_ ¥p(An+ Pot Pom) +n (Ant Mo + Nem) 
tur = MYA YS (A n+ t% + Po) 


SUE, be se nO em (11))) 
=n Katie toy 1 Bathe TP : 


HerpyHo BHeTb, YTO, AHAaJIOTHYHO CTal[MOHapHOMY CJIy4ualo, (11) moxer? 


| 

ObITb MepenucaHoO B Bue | 
Tlockompxy An— mepemeHHad KOHIeHTpallMa HepaBHOBeCHbIX | 
MeHaeTCA B Mpollecce pesaKcalluH, tur Take mMepemMeHHO. IlomyyeHHoe B (YI 
BbIPaKeHHe JIA Tor ABJIACTCAF 


Sar Nary (12) 


Tar = "oT eane 


10 TIpeesIbHBIM cutyyaem (12). 
tax, B paccMaTPHBaeMOM f 
08 culy4ae MaJIOrO YHCJIa JIOBYLIeK } 
BpeMA %KH3HH  ompesesercs} 
el TOJIbKO KOHIUeHTpallueli HepaBHo-| 
oy BeECHBIX HOCHTeJIeH, H MIHOBeH-}} 
Hoe 3HaYeHHe BPeMeHH >KH3HR 
02 fpf HekoTopoM A Ayr PaBHO CTa-! 
oe: a! 0 ! I\MOHaPHOMY BpeMeHH 2KH3HH MpH| 
ig /A/tn, +2) ——~ TOM 2Ke CTaIlMOHapHOM KOHILeH-! 


te * 
Puc. 3. CnnomHaa sHHHud — TeopeTHuecKaA 3aBHCH- TpauwH A Mer = A Myr *. 
MOCTb 7, =f (An) mo qgopmyse (12). a— skcnepu- Tak Kak cnajjaHve KOHIeH- 


MeHTaJbHbIe 3HaueHHA 7. =f (An,,), 6—aKcnepu- TPalHH NPOHCXOAMT MpH An> 
MeHTaJEPbIC shaven t,,. = f (An) => Not Po C MOCTOAHEOM BPeMeHF’ 
To, a pH An< ny + Py C Tos 
TO KpHBaA pevlakcallMH 3akJIOUeHA MeKLY SKCMOHeEHTaMH e400 nH em *o. 
Ha puc. 2 A mpuBeyena noctpoennas Ha ocHoBanuu (10) penaKcamnonHHast 
KPpHBat JIA YpOBHA WHDeEKIMH Aricy / (My + Py) = 4 MPH COOTHOIMEHUM Ty/To=5. 
Tam Ke JIA CPaBHeHHA NOKa3aHbl Be DKCNOHeEHTHI e~4/* HH e—*/*eo, B nayase 
pelakcalMu (pH JOCTaTOUHOM ypOBHe HHBeKIWH) KpHBat OH3Ka K TepBoli 
SKCNOHEHTe, 3aTeM, MO Mepe peKOMOMHallMH, OTZasAeTcA OT Hee, NpHOsMKasIC 
KO BTOpoi. OTMeTHM, YTO STOT Mepexoq coReplaetcs mwaBHo, 6e3 TOUeK Te- 
pernOa, Tak Kak M3 (10) BugHO, uto d*t/d(An)? sHaka He MeHseT npn JO6BIX| 
To[Too HM A n/(M) + Po): 
§2. OQKcCNePHMECHTANbBHAA HpPOBepPKa. DxKcnepumentasb-| 
HO HaOJIO,aeMbIe KPHBbIe Cllaya CboTOMpoBoAUMOCTH (pu ocBeueHHH T]-umnyab- 
CaMH) KaYeCTBEHHO COOTBETCTBYIOT peleHuio (10). Onn uMeloT npn JocTaTOuHOM | 
YPOBHE HHbCKIMH HCSKCNOHCHUMAIbHBIH XapakTep MH JlexKAT MEXKMLy KCMOHEH- 
TaMM, COOTBCTCTBYIONHMH MPeACIbHBIM 3HAYeHHSM BPeMeHH 2%KH3HH (CM. OC- 
WuorpamMy puc. 2 B). 
Jlisi KOMUeCTBEHHOH MpPOBepKH NpaBHJIbHOCTH COOTHOWeHUA (12) kpuBpie 
peslakcallun (oTompoBoxumoctn cotorpadupoBaiucb HW B HECKOMBKUX TOUKAX 


pes ante BeTBeH OCIHIJIOrpaMM onmpexensmuch dAn/dt uw An u BbIaMCnAnocb. 
n 
Typ == Sivanls IIpH 9ToM, Toth! HaGmoxaemplii cura Obi nponop- 


* OueBigHO, 4TO TaKkoe PaBCHCTBO To, H Ty,» KOTOPOe NO/yyaeTcA MpH MasiOM 4HCJIe 
JOBYWeK, B APYruX CyyaAX MOXKET He HMeTb mecta. TleficTBuTenbHO, ecaH, HallpHMep, BpeM# 
Nie oe Lome Me@KLY JOByWIKaMH Mi 30HOH COH3MepHMO HJM MpepbiaeT BpeMs 
eee i ene i MIpH OHO M TOH Xe KOHWeHTPalHH HOcHTesel B 30He Oye? 
a aaa TH OT TOPO, ABJIA€TCA JIM COCTOAHHE C aHHol KOHUeCHTpauven cTalH~ 

p OHO AOCTHTHYTO B xXOfe pevlakcanHH. CreqopatesbHo, BoobmLe TOBOPA, To. H Typ 
6yAyT pa3mMuHBI, n6o Tyr SABHCHT OT ,TIpefbICTOpHH“, = 
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HOHAN€H U3ObITOUHOH KOHWeHTpanuu, conporMBneHue wend 3alaBanoce 
PHONO MEHPUIHM, MEM CONPOTHBJeHHe OOpasia, H OSpasel ocBemasca m0 BCeli 
yune. Crer maja Ha oOpasey nepneHquKyaapHo anextpuyeckomy momo, 


I[PHYEM TOJIMMHA OOpasia BLIOUpamacb MeHBIIe LIMHDI Aupdy3HouHoro cmeure- 
IMA, UTOOLI KOHUWEHTPaluA He- 


'))aABHOBECCHBbIX HOCHTeIeH BO lg 


Aner 
"9+Po 


| Yposenb nypexuun An.+/(n)+ 
+ Po) OMpeqenaica B pexume 
10CTOAHHOrO TOKa (OoubUIOe JO- 
‘SaBOUHOe COMpoTHBJIeHHe B Ie- 
|TH) 10 H3MeHeHHIO mMpoBouMo- 
CTH oOpa3ila mpu ocBemjenun. 
j[IpoBoqumoctb u3Mepsviacb 30H- 
\JOBBIM cMoco6om, mpuyem yA 
‘ACKJIOUCHHA BJIMAHHA BO3MOXK- 
HOH (OTO-9.1.c. y 30HOB H3Me- 
(penve majleHHat HallpsKeHua 
{Me@Ky HAMM MpoBOJWIocb mpu 
[IByX HallpaBJIeHHAx ToKa uYepe3s 
(oOpasel, HM Opamacb nomycymma 
| 3HaUeHHH. 

Kpome 3aBHcumMocTH 3Ha¥e- 
}HHA tyr = [ (An), Oblia TaKxKE pyc. 4, Cnaommpre aunnu — Ig [An,, / (0 + po)] = 
LMOJIYGeHA 3aBHCHMOCTb Ter = = f(Al) no hopmyne (4)(A = kBt,, / (Mo + Po))- 
=f (Ancr). Tait  usmepenua a—npu /t,4=4 O—mpa T/T y= Me; 
Tor = f(Ancr) YpoBeHb HH beKILAM TOUKH — SKCMepHMeHTaJIbHble 3HAYeHHA IA OOpasua 
3ajlaBaJICA NOCTOAHHOH MOACBeT- C T/T. = 4 

KOM, Ha KOTOPY1O HakJlaj[bIBaJICH 

-cla6bii cBetosoi Il-umnype. [locrosHHad BpeMeHM pe3yJIbTHpylollero cHrHaJa 
-Olpefesalacb MeTOJOM «TayMeTpa» (”) H MpHHMMaJlacb 3a ter. SHAYCHHA tr (AN) 
HM tcz (Atcr) COBNAAIOT HM XOPOWIO JOxKATCH Ha TeopeTHyeckylo KpuBy!o (12) 
‘MIpH cooTHoulenMu a/c = t.0/t) = 1/4 (CM. puc. 3). 

Kpome 3apucumocteit tyr =f (An) 4 ter =f (Atcr) Obla Hemocpe{cTBeHHO 
MCCeyoBaHa 3aBHcuMocTb (poTONMpoBOAMMOocTH OT MHTeHCuBHOCTH cBeTa. I[lony- 
‘YeHHbIe MPH STOM SKCIePHMCHTAJIbHbIe Pe3yJIbTaTbI WJIOCTpupyloTcA TOUKaMu 
Ha puc. 4, KOTOpble XOPOWIO CoBMaaloT C TeOpeTHYECKOH KPUBOM A/C = to9/T) =*/a- 

TakuM oO6pa3s0M, MOXXKHO KOHCTATHPOBaTb XOPOMlee COOTBETCTBHE BCEX OKC" 
MeEPUMCHTAbHBIX Pe3y/IbTATOB TeopeTHYecKHM cooTHOoWeHusAM (4), (10) u (12)**. 


Tlocrynuao 


@uv3ukKo-Tex HHueCKHH MHCTHTYT 93 X 1958 


Akayemuu HayK CCCP 
ITMTHPOBAHHAA JIATEPATYPA 


1W. Shockley, W. T. Read, Phys. Rev., 87, Ne 5, 835 (1952); Coopx. Ioaynpo- 
BOMHUKOBLIe SAeKTpoHHEIe mpHOops, WJI, Ne 15, 121, 1953.; ora AG MeO licynOns 
Tl. 1. Deobdusnos, Yen. ous. nayx, 41, M1, 44 (1950). §9. UW. Anuposuy, 
mm. M.D yp o, JIAH, 108, Ne 3, 417 (1956). 4G. K. Wertheim, Phys. Rev., 109, 
Ne 4, 1086 (1958). © T. M. Pypo, KOT, 33, Bs. 1(7), 158 (1957). . C. M. PupKHH, 
Tlomynposoquuku B HayKe wu Texuuke, Maya. AH GOO OL injeey, I aisy 


* HepbinlouHeHve sTOrO yCOBHA MIpuBeseT K TOMY, TO sHaveHHA 7,,, (An) B O6macTAX 
oOpasia, M0-pa3sHomy yavenublx OT Mepemuel ocBelllaemo MoBepxHOcTH, OyAyT HeOAMHAaKOBBI- 
MH, H KPMBad pesakcauuH B KaxK{bIli MOMeHT BpeMeHH OyseT OMpexenATbCA «HAaOOpOM> Tur. 

** CopmajleHue 9KCIepHMCHTAJIbHBIX Pe3ybTATOB C MpeckKasaHHAMH TeopHH pekKoMOMHALHH 

Ha OJHOSapAMHBIX WeHTpaX CBUCTeACTBYeT O TOM, TO B HallIHX YCNOBMAX (KOTa WeHTPHI, Be- 

POATHO, ObIM MHOTO3apAHbIMH) Ha PeKOMOMHALMIO NpakTHYCCKH BAMA JOKAabHbIe COCTOAHHA 

¢ OHO SHepruel (cooTBeTCTBYIOMeH MepexoqaM MexKy ABYMA «CMCXKHBIMH> 3aPATOBbIMH CO- 
CTOAHHAMH), YHCIO KOTOPbIX OCTABaJIOCb MIOCTOAHHBIM. 
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Jlokuaygp AkayleMunm Hayk CQGH 
1959. Tom 124, Ni 5 


HW. M. TEPHOB u B. C. TYMAHOB 


OB H3JIYYEHHH MNOJISPH30BAHHOLO CBETALWIEPOCHA JIEK TPOHA| 
(IIpedcmaeaeno axademuxom H. H, Bozoatoboeem 31 X 1958) 


B wacrosmel pa6oTe MbI uccJIelyeM H3/lyyeHHe MOJIApH30BaHHoro pevsTH-| 
BUCTCKOPO 9JIEKTPOHA B MOCTOAHHOM H OAHOPOZHOM MarHHTHOM Tose. Jaa sto} 
Wes OKa3biBaeTCA WeslecooOpasHbIM NoTpeOoBaTb, YTOOb! BOMHOBaH yHKUMsA } 
3JIEKTpOHa, JBHXKyLlerocd B MaFHHTHOM Moule: 


A,=— /.9H, Aj=*);*t i =" (1) 
ABJIAIaCb pelieHHemM ypaBHeHus JIMpaka, a Tak>Ke OblJla COOcTBeHHOH CbyHKUMer | 
oflepaTopa MpoeKI{HH CiWHa Ha KHHeETHYeCKHH HMITyJIbC 


(oP) ¢ = a( = a —A)¢ = Ak. (2): 


Ilesiecoo6pa3sHocTb Takoro BbIOOpa BOJIHOBOH (byHKWHH OObACHAeTCA TeM,. 
YTO OPHeEHTAalHA CUMHA SJIeKTPOHA TIO OTHOWIeCHHIO K HalpaBJIeCHHIO ero JBHDKe- 
HHA B MaPHHTHOM MOJle ABJIACTCA COXpaHsHIOIWeHca BeJIMYHHO!.. | 

B lWHJIMHApHyeckoH cHcTeMe KOOp,HHAaT 7, %, Z CTallHOHapHOe pelleHHe 
ypaBHenua JIupaka c yuetom (2) umeeT Buy 


ile tk, z Z(¢+1) @ tk, z 
; e e 2 . é J ee 
Viernes = ixns(7), Yog = RF 


TSW “Vin vr): (3) 
| CaAyn Qi (0), 
ares iaBp"Q: * (9), 
“™ WBAyn Q (0), 
( iC6B PQ: (0) 
(cM. TakxKe (*)). Syecb Q! (6) —nosnHomst Jlareppa; p = Yrs. xy -= eH /2che 


£=0,+1,+2,...,5=0,1,2,... 4 n=1+s5+1— coorsercTBeHHO OpOuTaJIb- 
HOe, pafWaJIbHOe HU TlaBHOe KBaHTOBbIe UHCwa. 


i-/HGR), F-/-2 a 
See B=)/ 7 (it), 


NpHYeM SHeprAs QJIEKTPOHA CBH3aHa C 


i128, a= ep 42 


(4) 


r'laBHbIM KBaHTOBBIM UHCJIOM COOTHOIe- 
Huem E = chK = chy Ret+k2+4yn, a mpoeKuHst cnwHa Ha KMHeTHUeCKHIi 


UMIyJIbC  paBHa Chk, k= VK*® —k2. Keantosoe uncno ¢=-+1 xapaKrepu- 


3yeT TBE BO3SMOKHBIe OpHeHTallyH CnwHa SQJIEKTPOHA TIO OTHOLICHHIO K HalipaB- 


ah pe aps NOJIApH3allMA CHHHa NO JBuxKeHWIO € =1 HM NpoTHB JBH- 
eHHa € = — ], 
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HMnrencusxoctb nosspu30BaHHoro M3.IYYeCHHA 3JIEKTPOHAa MIpH ero CHOHTaHHOM! 
fepexowe W3 HauaJIbHOrO COcCTOAHHA 7, s, kz =O B coctoaHue n’ = n—yv,. 
v, Rk’, umMeeT Buy (cM. (1-3) 


; ce® 
WO. = gr D dQWS; 3(K — K’ —x) de (6) 
ae Benmunna S; CBA3aHa C MaTPHUHBIMM SylemMeHTamu MaTpau JIupaKa 
= "4 _ter > 
aes \ on e and? x, 


MIpHYeM 3Ha4OK ¢ XapakTepusyeT COCTOAHHe NovApHsalHH (potoHos (°). B ua-. 
|CTHOCTH, 
So as lo, |? (7). 


XapakTepusyer u3sy4eHve (POTOHOB, BeKTOP MOJIApPH3allHH KOTOPBIX (BEKTOP 9u1eK-. 
TPHYECKOFO MOJIA) Je2%KAT B MIOCKOCTH OpOuTHI, 


S3 = | & |? cos?0 +| as |? sin? @— 2 af a sin 8 cos 0 (8) 


OMMCbIBAae€T H3JIyYeHHe (POTOHOB C BeKTOPOM MOJIApH3allMM, NpakTHyecKH MepmeH- 
AMKYJIAPHbIM MJIOCKOCTH opOuTEr (°). 


B csyyae nccleoBaHHA KpyroBol nosapusaun BemMuMHa i IpHHHMaer 
TakxKe JIBa 3HaueHHa i= 1, —1: 


4 eye bar A oe ha fp ea te 
Sa = F { Se + Ss + id [cos 6 (ajo, — af a) —sin® (aj as— at oy)]}, (9) 


tpugem A}=1 cooTBetcrByer (oTOHY Cc MpaBOH KpyroBolt MoJIApusalveli, a. 
hK=—l1—c sexson, 

MatpwuHpie 9JieMeHTbI MaTpHil J[upaka OKa3bIBalOTCA MpOmoplHOHaJIbHbIMU 
(pynxuuamn Jlareppa (?, *): 


In (3) = = EERO. (10) 
B uacTHOCTH, HallpHMep, 
|aP => 2G, C)FG &), 
a2 =+ 12, CO, 6) Fal, ©), Oe 
rye Koaddpuuveut C paBeH 5 wee, Pee gh git 
C(C, 0) = xB + Bia? +20 0 BB ' =—p ae ——» {12} 


a (pyHkuun Fy, u F2 HMeIOT, COOTBETCTBEHHO, BbiparKeHH 
Fy (60) =A y+ BUY 2A BC In, atn—a0y (13) 


n,n’—1 


Fy (68) = AP yy FBP gg F2ABC In, alan 


OuesumM mpexye BCerO MHTCHCHBHOCTb usiydeHHA, IIpH tepexoyax c H3Me-- 
HeHHeM TOJIApH3allWH CIHHa. Kak 6bIuI0 10Ka3aHO B (?), B KJIaCCHYeCKOM IIpH-- 
6.1WKeHHH MaTpHUHbIe 9JieMeHTbI (11) MpHHHMaloT BHI 


jay |? = G2, (vB sin 8), | a PP = sin”? 0 J; (v8 sin 9). (14). 


B makcumyme u3yuenun 8 ~ = /2, y~ (E/mc?)?; MostoMy, CorsacHo H3BeCTHO~ 
My acuMirorHuecKomMy lopeyenHio (pynKuwii Beccesst Ooubuloro MHAeKca: 
, ae . 
Jy (vy) ~y—", Ji (vy) ~v—"*, MeeM: 
, 4 / 
Fa (6, 0') ~ page Pi 6,5): (15) 
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Jlanee, B culyy¥ae MepexoqoB C "H3MeHeHHeM MOJIApH3aN\MH — 9JIEKTPOHO 


(ce? = —{), Koadunmnent C(¢, ¢’) (12) umeer nopsz0K 
k2 x? +9 
Ca Ae (16 
rye : oe 
ie mecR ( =) : (17 


Onycxas B (popmyviax (13) KBaHToBble MonpaBKH [WIA Cyan TIEpeXOJOB ¢ 
3MeHeHHeM MOJIApH3alluH CMwHa HW YYHTbIBaA COOTHOIMeHHe (15), nomyaum 


AG—-9=ACO= opie 9 (18 


TakuM 06pa30M, HHTCHCHBHOCTb H3JIy4eHHA, CBASAHHOTO C JenoJApH3alven, 
OKa3biBaeTCA 3HAUTeJIbHO MeHbIUe COOTBETCTBYIOULeH BeJIMYHHbI JIA Mepexojor 
¢ COXpaHeHHeM NoJIApHsallHH: . 
Wi(E,—S) ~ PW (6, 6) (19 
(cm. Takxe (?, 5, °)*), B avibHelillieM MbI pefoslaraeM COXpaHHTb B BbIMHCJe 
HMAX YJIeHbI MepBoro MopszKa no mocTosHHOH IInaHKa hf, MosTOMy MbI omyc 
KaeM MepeXOfbl C eMOuApH3allHeH SJIeKTpOHHOTO CMMHa HM BO BCeX BbIparKeHH 
AX JIA MATPHUHBIX 9JIeMeHTOB Nosiaraem C¢’ =C. 

Jaa ucceqoBaHHA yrsmoBoro paciipefevieHHA MHTCHCHBHOCTH H3JIyueHHA He 
OOXOJHMO MpOv3BeCTH COBIYHYIO allpOKCHMalHIO MaTPHUHBIX SJIeMeHTOB (°, 4 
MH TIpOCyMMMpoBaTb BbIpaxKeHve (6) mo BCeM rapMOHHKaM vy H pajMaJIbHbIM Te 
pexofamM. Torfa oka3bIBaeTCA, 4TO 

2 
dW); <3 ee 1 20 4 35 NuGoy e| 
’ 


Uy 6p ye ays Gree © Bay yah 


ee 
dy 2 16 (A + y?)? TY3 (A+y?2) 32 4 4 y2) ae 
dy)” 773 4 5 2 16 2 
= — W ka i — = Ios Ss ee ee 
dy 4 16 cee y?)'/2 aa 16 (14 y?)2 nV 3 (14 +y?)5 a" 


AD oy 2 35° 4 y 
tae te tReet H ava Ge 


__ [105 y 20 4 16 y? 
(Fe G+ ye +3yan +e Stays, Ute c Je |S. 


B stux dopmynax WeI — ea (= 
mec 
‘a mlepemenHaa y = —cos0/Y1—8?. 
Muterpupya ppipaxenve (6) mo i 
ray 9, nowyyuM cnet 
riciels yruty J eKTPaJbHblit COcTal 


4 
) , € olpeqlesena cooTHotteHvem (17 


; 9V3 ¢ | 
ONAN tae | | Ky, (x) dx + Kz, (z) + (2K (2) — 32°Ky, (2) € | zdz, 


r4 


W (9) dy = =~ We | ula) de Rule mens al 


— foe) 
W (v) dy = 3 es 3 3 
: ) 16 = Ky,(x)dx (1 5 wes NEz) ear” 7 Ky, (z)E Z dz, 
2 
* B a , 5-6 
ee a ae (°, °) cmunopste cocrosHHa SIEKTPOHA XapakTepH30BasIMCb Mpoekuwe CNH 
Bou Sees OBIE ch EER Noma. OHaKO MPH STOM culeAyeT yuecTb, YTO B pesnATHBACT 
AABMDKeHHA, a cpennee Sane e ne eas MarHUTHOTO NO/A He ABJAeTCA HHTerpaon 
JIMSHHBI OICTpO y6pIBaeT c po = 2 
CTOM 93He ~ 
1040 Pp HeprHy g,~mc?/E 


©\4eM NepeMeHHaH Z CBA3aHA C HOMe€pom TapMOHHKH COOTHOIMIeHHeEM 


ESET P (yuma 


) Hakone, 41a wnTerpasbuoi waTencnBnocru M3J1YYeHHA MbI MOJyyaeM BBI- 
§ KeHuA 


We) = ra ee ee Le A a . 73 :), 
(23) 


me es 55V 3. Soe, ae 
LE Si A ee ee 28 8). 


| 

| (pu €—0 stm copmyp copnayatior c Knaccuueckum TIpHOJIM»KeHHeEM pa- 
‘mer (*). Cymmuposanne dbopmy.1 10 nomApusauuamM (oToHOB u ycpejHeHve Mo 
(IHOBbIM COCTOAHHAM MpHBOJUT K pesyvibTaTaM, MOJIYYeHHBIM B (‘). 

| Ha Bipaxennit (20) —(23) cnegyer, uro nonapy3auna 3JICEKTPOHA CKa3bl- 
PTCA B WieHaxX MopAyKa h, XOTA, KaK MbI y2Ke OTMe4aJIM BBIIe, H3ulyyeHHe 
jlepeopveHTalimeH cua MMeeT nopsazoK h?. 

| w-)D_y® 

wi- 1) + wi) 

/dHOrO Ny4kKa, B OTJIMYKe OT H3JIYYeHHA HEMOJIAPH3OBAHHbIX 3JICEKTPOHOB, He 
ge3aeT HM MMeeT MopsyoK CE. JltoOonbirHO, TO STOT UNCTO KBaHTOBbIi apieKT 
msleTCA OOWWMM TakoKe HW JI u3sy4eHua Uepenkora ("). 

| ABTOpbl BbiparkaloT OsarogapHocTb npod. A. A. Coxonosy u mpod. JI. I. Wpa- 
\dKO 3a JIMCKYCCHIO MOCTaHOBKM 3ajlaun HM ee pesysIbTaTOR. 


| OTHOCHTeJIbHaA NOJIApH3anuA OSS AIA U3JYYeHHA NOJIAPH30- 


MockosckHit rocyjapcTBeHHbI yHHBepcHTer Tlocrynusto 
uM. M. B. JlomoHocopa 24 X 1958 


HWHTHPOBAHHAH JIMTEPATYPA 


1A. A.Coxoaos, H.M. Tepuos, JAH, 92, 537 (1953). # A. A. Coxko- 
»sB, A. H. MatsBees, HW. M. Tepuos, JAH, 102, 65 (1955). WIN IN, (Ci) 1 Oz 
»B, WH. M. Tepuos, DKOT®, 31, 473 (1956). 4A. A. Cokoaos, H. Il. Kae- 
ikos, HW. M. Tepuos, JAH, 89, 665 (1955). ° A. ®.Maxkcumos, Bectu. 
*y, M1, 95 (1957). 810. ®. Opaos, C. A. Xetbeu, KOTO, 35, 513 (1958). 
4. A.Cokoaos, 10. M.Jlockxytos, KOT®, 34, 1022 (1958). 
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Jlokxann Akayemun Hayk CCCP 
1959. Tom 124, Ni 5 


TEXHHYECKAA PH3HK| 


VY. B. BOPOBCKMH u C. A. AWUWMAH 
JIOKAJIBHAA PEHTTEHOBCKAS CHEKTPOCKOMMA 


(IIpedcmaeaeno akademuxom C. A. Bexuuncrum 8 XI 1958) 


B metoye 0KasIbHOrO PeHTTeEHOCNeKTPaJIbHOTO HCCEQOBAHHA XMMHYECKO 
coctaBa BemecTBa (1), MOJIYYHBLUEM PasBUTHE B NOcNeAHHE FOAbI, XAapakTePHCTH 

OM J\HaMet 
YeCKOe PCHTTEHOBCKOE H3JYYeHHe BOSOy2KTaeTCA seucued asym seer ja 
pom 2—5 pt, sOKasIbHad UYBCTBHTEIbHOCTb STOO MeTOa 


° 
Temnepatypa uccuiekyemolt o6sactH OObeKTa HHxKe 40°. 


Puc. 1. Muxpocoxycuplii pentrenoscknit cneKTporpad. I — muxkpoto- 

KycHaa TpyOka, 2—xkpuctanat, 3 — ppuar kpHcTamnonepxatena, 4 — 

HHAMKaTOp MepemelleHHaA kpucTatna, 5 —cuerunkK usyuenna, 6 — 
| MoHNTOpHbIli cueTuuK, 7 — perucTpupyionlee ycrtpolicTeo 


B wactosmeli pa6ore noKa3aHbl HOBbIC BO3MOXKHOCTH UCCIeEOBAHUA SJ1EKT POH- 
HOFO SHEPreTHYeCKOrO CNeKTPa KOHJCHCHPOBaHHBIX CHCTEM C MOMOLLbIO MAKPO- 
(bokyCHOH peHTTeHOBCKOM CMeKTpocKoNUM MO H3YYeHHIO TOHKOTi CTPYKTYPbI JIH- 
HHH uciycKaHHa. 

IIpuniunnanbHat CxemMa MHKpooKycHoro peHTreHoRcKoro cnekTporpada 
qaHa Ha pune. 1. B ecnexrporpade ncnomb30BaH MeToy (POKYCHPOBKH HB yueHHA 
Kanuubt — Yorana. Kpucran Kpapua umeer opventuposKy (1010) u panuye 
usrn6a 500 mm. Muxponcrounnk peutrenopcKoro 3 yYeHHA JMamMeTpom 5 wt 
noMeuleH Ha Kpyr PoyvianHqa. OnexTpoMarnutTHasA cucrema, cbopMupytollast 
SN€KTPOHHBIN 30H, OObCKTHAA Kamepa u OIOKH NUTAHUA MHUKPOOKYCHOH peHT- 
reHOBCKOM TPyOKN AHAJIOPHYHbI COOTBETCTBYIONLUM y3vlaM ycranosxn PCAIL-2(?). 
Maaa MouHOCTb, noTpe6mnemas MUKPOPOKYCHOM PeHTTeHOBCKO TpyOKOH 


(HeCKOJIbKO BaTT), CyuLecTBeHHO yipollaeT BoNpocb craOuH3aluKN Hw perucTpa- 
MMH HHTCHCHBHOCTH PeHITeHOBCKOTO v3iyueHuA. 
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} Paccmotpenue ycoBuli orpaxkeHund usyYeHuA OT KpucTaia ToKa3bIBaer, 
jTO Mist Kaxkdoro PukKCHpoOBaHHOrO NoONOKeHHA MUKPOtbOKyCHOrO HCTOUHUKA 
/31YYCHHA OTHOCHTeIbHO H30rHyTOrO KpHCcTalia (pu Masoli JinHe pabouent 
}OBCPXHOCTH KpHCTada 2—2,5 mm) Oyler OTparkaTbea CTPOrO MOHOXPOMAaTHUEC- 
jai myyok Jiy¥eH. MonoxpomMaTHYHOCTb OTpaxKeHHOrO MyuKa onpeeiseTca 
JIMPHHOM KPHBOH OTpParKeHHA M3OrHYyTOrO KpHCTasa. Ota Belw4yuHa 3HauH- 
@JIbHO MCHbIUe HHTEPBasla YaCTOT, COOTBETCTBYIOULerO JOOOH us HCCeyeMbIx 
MHHM penTreHosckoro cnextpa. Mccmeqopanne (opMbI HW NoOOxKeHUA SMHCCHOH- 
HOM JIMHMM CBOAMTCA K perncTpalluH HHTCHCHBHOCTH OTParxKeHHO"O OF KpHCTawa 
}SNYUeHHA NpW MOCMeROBaTeJIbHOM VM3MCHECHHH ria HaeHHA UusJlyYeHHA Ha 


| 

O 

S 

2 

BS 

S 

& 

iS) 

S 

S / 

. Z 
4] oy 10 X 
0 D 10 x 

Puc. 2. JImunn Kays *ene3a, Novy yeHHble: Puc. 3. JIunua K81 xenesa: J — aaa 
I — na cnextporpade no Morany (ororpa- yncToro w%eme3a, 2 — jan 0-cbaspl cnwta- 
(buueckui meton); 2— Ha MukpotboKycHOM pop Fe— Zn 


peHTreHoBcKoM cneKTporpade; 3— Ha MUKpo- 
OKYCHOM PeHTreHOBCKOM CNekTporpade 1a 
0-cbasbI cnviapa Fe — Zn 


KPHCTaJI B Upeseswax UHTepBaa YIJIOB, COOTBETCTBYIOMIMX MCCetyeMoli JI- 
Huu. B HOBOM clleKTporpade Np PUKCHUPOBaHHOM NMOJOReHHU MUKPOMCTOUHUKAa 
9TO OCYIILECTBIAJIOCb MOBOPOTOM KPHCTaJIa, YCTAHOBJICHHOTO Ha ClelvaJIbHOM 
pbluare, No Kpyry Poymanya. lepememenve KpucTasa OTCUMTHIBAOCb 0 HH- 
Rukatopy c TouHoctaio 0,01 mm. Bowpwana BesIMuMHa BXOJHOTO OKHAa CUCTUNKa 
(quametp 10 mm) u cmemuduueckve OCOOeCHHOCTH OTPaKeHHA USMyYeHUA OT 
KPUCTaJa MO3BOMMJIM OCTABJIATb CYCTYMK HeNOABY2KHBIM Mp MCceqOBaHuy 
B y3KOM MHTepBade JWHH BOJH. CraOvJIbHOCTh U3JIyYeHiA MUKpookycHou 
Pe€HTTeHOBCKOM TpyOKH KOHTPOJIMpOBaacb MOHHTOPOM. 

CpapHeHve IMpHHbI HM (pOpMbl JIMHUM PCHTTeHOBCKO"O CHeKTpa, MO YYeHHBIX 
Ha MUKpOOKyCcHOM clleKTporpade U.Ha OObIYHOM IIpHOope B OAMHAKOBBIX yc- 
JOBHAX, LaHo Ha pic. 2. M3 Hero BUAHO ToMHOe CoBMaeHue ITHX MapaMeTpos. 

Ha puc. 2 uw 3 npupeenbl MpHMepbl uccemoBanuA JMU Koy%, a Kp, 2Ke- 
me3a B §-cbase cnaBop Fe — Zn (oxKo1o 6% Fe), MomyyeHHoH B KOHTaKTHOM 
udy3n0HHOM cs0e MCXOAHEIX MeTaJJIOB (OTKHT B TeveHHe 4 yac. IPH 2902). 
Cpapnenne mlapamerpos sMHHit B9-c:ase u McxOqHOM Fe moKka3biBaer yMeHbIIe- 
Hue uHIekca acumMerpuu K ‘no 1,3 u u3MeHeHHe (bopMpl wun K ‘3. 

IlpuMeneHue MHKPOOKyCHOTO PeHTIeHOBCKOTO cneKtporpatba MO3BOAeT 
MeTOAMUeCKH MO-HOBOMY MOXOHTH K H3yYeHHIO TOHKOH CTpyKTYPbI PCHTeHoB- 
CKUX CIICKTPOB UCIIYCKAHUA AMarpaMM COCTOAHUH TROHNPIX H Ooulee CJIOXKHBIX Me- 
A JLIMUCCKUX CHCTEM, IyTeM MCIOAb30BAHHA AMG Py3HOHHHIX COCR NOJYYCHHBIX 
B KOHTaKTe JBYX MeTaJJIOB, MeTada MU CliiaBa HT. J. Kak moka3aHo B (3), 
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B 9TOM Cilyuae B Auddy3HoHHOM CcjI0oe JByX 3ICMeCHTOB IIPH OMPeeyICHHb 
yClOBMAX MOryT ObITh MOMyYeHbI Bce dasbl, XapakTepHsylollue AuarpaM 
COCTOAHHHM 2THX BIEMeHTOB. Onpefesisa W3MCHECHHE KOHILCHTpalluu 9JICMeHT 
B Ludty3HOHHOM Coe HM MOMBOAA Nok s1eKTPOHHbI 30KHq yyacTku udp 
3HOHHOFO CJIOH, COOTBETCTBYIONIMe pa3JIHYHbIM ()a3aM, MOXKHO Ha O/H 
oOpasile HCCIeqOBaTb TOHKYIO CTpPyKTypy P€HTTeHOBCKUX CIICKTPOB HCI 
KaHHsI ATOMOB B 11000! 3 (bas (HeMpepLIBHOM TBEpJOM pacTBope) H3y4aeMol Aua 
rpaMMbl COCTOAHHM Yepes MaJIble HHTCPBaJIbl KOHUWCHTPalluH KOMMOHEHT 
cnuapa (0,5—0,1%). 
Muctutyt metaitypruu um A. A. Batixopa Tloctynus0 
Axkayemuu HayK CCCP 2 X1 1958 


UHMTHPOBAHHASA JIMNTEPATYPA 


1R. Castaing, Rech. Aeronautique, 9—10, 41 (1952); R. Castaing, A. Cu: 
nier, Anal. Chem., 25, 724 (1953); WH. B. Bopospcku it, [po6nemp metannyprun, 3 
AH CCCP, 1953.2 H. B. Boposckuh, H. Il.W abun, Sap. na6,.Ne 10, 1234 (1957 
$V. B. Boposexun, HW. 0. MapuyxKosa, JEAH, 125, Ne 4 (B neuarn). 
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Aoksann AxKkanemun Hayr CCCP 
1959. Tom 124, Ni 5 


TEXHHYECKAA ®PH3HKA 


J a. E. PErY3HH 


i O MH®PY3MNOHHOH AKTHBHOCTH METAJIJIA 
i PAJIBBAHHYECKOFO NPOMCXO)KEHUA 


i (ITpedcmaéaeno axademuxom I. B. Kypdtomoeeim 6 X 1958) 


| 1. UspectHo, 4To B MeTasax raJIbBaHnuecKoro mponcxoxeHua TIpH lpo- 
Pe PaBHbIX YCOBHAX AucpySHOHHbIe MpOUecchl MPOHCXOLAT CO CKOpOcTbH, 
| CyecTBeHHO OovIbINeH, YEM B MeTasax, MOMYYeHHbIX JIMTbeEM, HPOKOBKO H 
| Mpowenuux BbICOKOTeMMepaTyPHbIN OTKHE («paBHOBeCHbie» OOBEKTHI). Oco- 
| O€CHHO OTUCTIIMBO MOBbILUeHHAaA Auddy3HOHHaA AKTHBHOCTb METAaJWIOB raJlbBaHu- 
) YECKOFO MPOMCXOKMCHHA MPOABJIAETCA B Npollecce cnekKaHHA MOPHCTHIX Npec. 
COBOK (1%), COCTOALIMX H3 NOPOLIKOB, MOJYYeCHHbIX Pa/IbBaHHNeCKHM ITyTeM- 
IIpsambie u3MepeHusA KOSPPUUMEHTOB reTeposudpy3nv, MpOBOAMBUNeCA Ha CJO- 
MCTbIX OOpasilax, NOJIYYeHHbIX Pa/IbBaHHYECKMM MYTEM, TAKKE CBHCTEbCTBYIOT 
(73) 0 TOM, UTO B yKa3aHHOM BBbILUe CMbICe udtby3HOHHaA AKTHBHOCTb MeTaJ- 
JOB raJIbBaHHYECKOFO MPOHCXO*KACHHA NOBbILIeHA. SaMeTHM, UTO 9TO MOBbILUEHHe, 
KOJIHYECTBEHHO XapakTepH3yemoe BenHYHHOH y = D,/Dy (LD; — Ko3sdbduluext 
- CaMosndpy3uH B MeTae FaIbBaHHyecKOro NpoucxomeHua, Dyo— KoacduilHeHT 
caMosuddy3uu Mp Tex %e yYCJIOBHAX B “PaBHOBECHOM» MeTaJVIe), OKASbIBAeTCA 
(?) mocturarwuum 2—3 nopaaKos. 

B HacToAueH CTaTbe Mbl COOOLWLUM HEKOTOPbI€ 9KCINECPHMECHTAJIbHbIe JaHHbIe 
M PpaCCMOTPHM BOrMpoc O BO3MO%KHbIX MPHYHHAX MOBbILICHHOH AudPy3HOHHOH 
AKTHBHOCTH MeTaJIJIOB FavIbBaHHYeCKOrO NpOHCXo*KAeHuHA. PaccmoTpeuue sTore 
BOMpOCa MOXKEeT CNOCOOCTBOBATh BbISICHEHHIO JeTaeH mpowecca cnekaHHA Mmpec- 
COBOK “aKTHBHbIX» MopowKoB. Kpome Toro, NPHYHHbI NOBbILeHHA Audpy3nou- 
HOW aKTHBHOCTH B MeTaJIJIe TaJIbBaHHYeCKOFO MPOHCXOKACHHA MOLyT OKa3aTbCA 
6JIM3KMMH K MpH4dHHaM, OMpe eI AIOULHM AHAJIOFMYHOe, HO MEHEE APKO BbIParKCHHOE 
MOBbILIeHHe udPy3HOHHOH aKTHBHOCTH R OObIYHbIX MeTaIaX HM CIlWwaBax 
C HWCKa%KCHHOH KPHCTAaJIMYeCKOH PeleTKOH. 

2. YcTaHOBJeHO, YTO ycaKa NOPHCTOH MpeCCOBKH H3 «AKTHBHBIX» MOPOLIKOB 
B H30TEPMHYECKHX YCJIOBHAX MPOHCXOAHT C YObIBaIOLLeH CO BPEMCHEM CKOPOCTbW. 
Cormacno: cytiecTByloulnM mpesctaBienHaM (°,°), 9TO ABAAeTCA C/eCTBHEM 
yMeHbIUeHHA KOIpuLNeHTAa CaMOAMpPy3HH Ph 3alCUHBaHHH HCKAaKCHHH, T. €. 
yObiBaHuA Audtby3HOHHOM aKTHBHOCTH NOPOWIMHOK CO BpeMeHeM H30TePMHYe- 
CKOrO OTKHTa. i : 

Tia nonyyenua cBeqenuii 0 MpH4HHe NOBHILWeHHOH udPpySHOHHOH aKTHB- 
HOCTH HM Mpolecce ee yMeHbUICHHA HaMH ObWIM MPOBEeCHbI OMbITH! NO CNeKAHHIO 
Ha MOJeAX, COCTABJICHHbIX H3 MPOBOJOYeK Fa/IbBaHHYCCKOFO MPOHCXOKRCHHA, 
T. @. MOMYYeHHbIX MO TOM %Ke TeXHOJIOTHH, UTO H «aKTHBHBIC» TOPOMKH. 
Takue MOge@nM, COXpaHAA HalrIAQHOCTb IWMPOKO IIPHMCHABIINXCH pauee (*°) 
UM OTJM4ascb OT HAX HEPABHOBECHOCTbIO KPKCTAJIMYECKOH PEWeTKH, ABJIAIOTCA 
HPOM@KYTOUHBIMH MexKLY MOMeAMH C HeveKaMKCHHOH PeCuleTKOH H PCaJlb- 
HbIMH TOPOUIKOBbIMH MpeCCOBKaMH. 

TlpopooukH TasibBaHHYeCKOrO MPOHCXO*KCHHA TNOMYYAIHC — OTIONCE- 
HHeM MCI 3 KHCJIOM BAHHbI Ha TOHKYIO MeJHYIO MPOBOJOUKy (50—70)), koTOpad 
NepedBuralach BOb OCH MeAHOFO MWHIMHAPHYeCKOTO BNICKTPOAa. B nae 
BaHHe HempepbiBHOrO eHCTBHA OTOXKCHHE MCDM NMPOHSBOAMOCh — IIPH 
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J —5a/im? m mpw cKopoctn ABMKeHHA HATH U=d ‘10-7 em/cex. melee | 
wecca KaHOPOBKH, MPOBOAMBINerOcA MIA Crlax7KHBaHHA erst > a 
Hocrell, TIpOBONOKa HaMaTbIBaacb Ha MCHbIe KaTYIIKH Ope i ee 
OTKHTa KaTyWekK C MpOBOJIOKOH MeTaJorpadudecku H3y4aloCb Hi ee 
Hoe CeueHHe, B KOTOPOM MIpOBOJIOKH HMHTMPyIOT NOPOWIMHKU, a 3a30PbI H 
— bl. 
Panda Me HCCJIELOBAaJIHCb oOpasitbl Tpex pasJM4HbIX THITOB: gen 
PaIbBaHHYeCKOTO MPOHCXOXACHHA, H3 OObIMHOH MPOBOMOKH H KOM wise | 
HbIe — C YepeoBaHHeM CMOeB OOLMHOM HW TabBaHMYeCKOH MPOBOMOKH. OTAKH| 
MpousBoAucA pH TemMmepatTypax 750, 870 u 1020°. Tunnunbie CTpykKTypbl 430} 
OpaxkeHbl Ha puc. | u 2 (cM. BKJeHKy K CTP. 1009). | ae | 
IlpH paccmoTpeHum MUKpocTpyKTyp CAemaHbl ciemyiouyne ka | 


HaOJIOLeHH A. | 
1) TIpoponouku TabBaHMuecKoro MNpOHNCcxoxwKeHnA ipunekaroTca Oowe 


OLICTpo, YeM OOBIUHHIC, O YEM MOXKHO CYAUTb MO BEMMYAHE XOPA, BAOJIb KOTOPbI 
aerca lmpumekaHue. 
eo Chelan ee pa3Mep Nop, BOSHHKaIOWIMX Mp OTAUTe MPOBOMOYe 
ralbBaHH4eCKOFO MPOHCXO*KACHHA, CO BPeMeHEM pacTer, MpH4eM BUAMMBIC TOPs 
pacnoslaralorcsA MexKy 2/IeMeHTaMH MaKPOCTPyKTYPbI. | 
3) Pexpucraniu3alua MeTala MOKpbiTHA nmporekaer CO CKOPOCTbIO MeHbIIeH | 
YeM CKOPOCTh PeKPHCTaIM3alHH MeTas/1a OCHOBBI (*'), BCeACTBHe 4erO CTpykK} 
TYPHAA HHLMBUAYAIbHOCTh MOKPbITHA H OCHOBLI COXPaHAIOTCA BO MaNeKux - 
quii mpouecca cnekanua. Y raibBaHH4eCKOrO MOKPbITHA 3EPHO OKa3bIBaeTCH 
6o1ee MEKHM He TOJIbKO B TeX MeCTAaXx, T'€ MAKPOCKOMMYeCKaA NOPHCTOCTb AB 
JIAeTCA BHUMO!M MpH4HHOH TOPMOMKeHHA POCcTa 3epHa, HO HU TaM, Fle MeTasI0 
rpapuyeckH MOPHCTOCTh He OOHAapy>KuBaercs. : 
Creqs 3a BPeCMCHHOH 3aBHCHMOCTbIO pa3sMepa Y XOpJbI, BAOIb KOTOpOn mpo 
H30UI0 MpHneKaHve KOHTAKTHPYIOWNX MpPOBOOUeK, H Mew B BUY (°), UTC 
Bpems mpunekanua ¢, KosdulnenT camogquppysuun D nu BetwM4nHa XOpfbI CBA- 
3aHbl coorHoweHHem D~Y*/f, MoxKHO NOWYYHTb CBEACHUA O BEMMUNHAX YH A= 
= Q,/Q,(Q; 1 Qy—9SHeprHH akTHBAalNN Mpolecca Camosudpy3un COOTBETCTBEHHO B 
Ta/IbBaHUYeCKOM MH «paBHOBECHOM» MeTavJie), MpHBewenubie B Ta. 1. M3 taba. 1 
cieqyeT, 4TO xy H A yObIBatoT Cc pocToM Temmepa- 


TS ae CA TYPbl OTKUTA, OCTABAACb GoObUIe CAHHUIUbI BMOTE 

qo Temnepatyp, 6H3KHX K TemmepaType miaBleHHaA. 

re Sie a r == 3. Tlepen, tem Kak OOpatuTecsa K OOcyxKAeHHIO pe 
: '_ 8YJIbTaTOB, HaNOMHUM, YTO, Kak CuIeyeT 43 PeHTPeHO- 
rpaduyeckux (4) uw kamopumerpnyeckux (1°) onbITOB, 

750 | 100 1,30 B M€QH TallbBaHH4ecKOrO MPOHCXOX*KACHHA HMeIOTCA 
” fine MHKPOHCKa2KCHHA KPHCTaIHUeCKOH peweTKH, 3ale- 


UMBAIOUMeCA MPH MOBbIeCHHbIX TeMMepaTypax H OO- 

HapyxuBaemple Jo 7~700°. Umea B Buy 9TOT tbakT Hi 

PESYIbTAThI, H3OAKCHHHIC BM. 2, IPHYHHbI MOBbILUEHHOM Wudbtby3HOHHOM aKTHB- 

HOCTH MCTaJlla TasIbBaHHYeCKOrO MPOHCXORACHUA MOMRKHO MpeCTaBuTb cule yto- 
iluM OOpasom. 

Jlubysvonnaa aKkTHBHOcTh B O6slacTH Ppa3sJIMUHBIX TemMmepaTyp MO*KeT 
OOYCOBJIHBATbCA CYLLeCTBEHHO PasJIM4HBIMH TpHunHamMu. B o6nactn Temnepa- 
TyP, IPH KOTOpbIX HAeT Mpouecc 3aieuHBaHHA MMKPONCKaAXxKeHHI Hv paspaqKu 
AHCOUNPOBAHHbIX OOslacTeli, peweTKa oGorauLaerca H3ObITOUHBIMH BakaHCHa- 
mu (°), HalMune KOTOPBIX OOYyCJIOBJIMBaeT NOBLILIEHHOe 3HAUeHHe KosppulHeutTa 
camoquppysnu. Bayxazan no pelleTKe, H3ObITOUHbIe BAaKAHCHM OCeLaloT Ha pas3- 
JTMAHOO pota IPUMecAX (PpaHHib! pasqena Makpo- MUKPOCTPyKTypbI), OOpa- 
Sy BECbMa Pa3BUTYIO CeTb CBOOOLHbIX MOBepxXHocTeH HW MakKpocKonMyecKHX 
nop. 

B o6nactn Bercokux Temme 


MpakTM4eckn 3aneunsHch ( 
KaHcnit), 


JIMBaTbCA 
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PaTyp, Mp KOTOPbIX MHKPOHCKAaKeHHA peweTKY 
BCJICACTBME HCTOULCHHA HCTOUHHKA H30bITOUHBIX Ba- 
NOBBILNCHHOe 3HaYeHHe KoOappuLNeHTa Camoquppy3sun MoxKeT O6yc0B- 
TEM, YTO BCEACTBHE HANMINA PasBuTO! ceTH CBOOOJHBIX MOBepxHOCTet 


@B MCTAJVIC 3aMeTHbI BKJaJ, B SKCIepHMeHTaIbHO HaGwOLaeMbtit mudd y3 HOHHbIii 
UOTOK BHOCHT NOBepxHocTHad Aupy3sua. MMenno stum O6cToAtTebCTBOM H MO3KHO 
OObACHHTb NOBbILIEHHDI SppeKTHBHbI KoaXbpuLNeHt CaModudpy3uu B OOacTH 

OKONO TEMMepaTyPbl WWiaBJICHHA, KOra MMKPOWCKaKeHUA KpUCTaWIM4eCKOl 
(PpeleTKH ye OTCYTCTBYIOT. 

i Bonpoc 0 nepecbiteHuu pelleTky MeTaJa ranbBaHHuecKkoro MIPOHCXO*K CHUA 
fHaMH paCCMaTpHBascA panee (7°); npH 9TOM, HCNOMb3YA aHHbie O KHHCTHKE 
)pocra Nop, Mbl NOKa3aJIH, YTO HMEIOT MECTO 3HAYHTEIbHbIeC OTHOCHTEJIbHbIC Me- 
@ PECbINLCHHA, BEM4HHA KOTOPbIX yObiBaeT CO BPeMCHEM HZOTepMUYECKOFO OTKH- 
ita u C MOBbILUeHHeM TemnepaTypbl. , 

B mpouecce KonJeHcallun M3ObITOUHEIX BaKaHCuil HaTpannuax s71emeHToB 
i MuKpO- H MakpocTpyKTyp (MosauUHbIe 610KU, 3epHa, MAKPOTPeLLMHbI) nosBAA- 
} €TCH MW MHA MpHUNHa MOBHILIEHHON Anpdy3HOHHOH aKTUBHOCTH, 3aKIOUaIOULaA- 
}CH B HAaIHYMM BECbMa Pa3BHTOH CeTH CBOOOAHbIX NOBepxHOcTeli, Audby3ua mo 
9. KOTOPbIM BHOCHT 3Ha4HTeJbHbIM BKJIa B BEJIMYMHY SKCIECPHMeHTa/IbHO HaOwI0- 
§ Maemoro notoKa. CorsacHo TakOMy MpecraBJeHHIO B ITOH OOacTH TemmepaTyp, 
} crporo ropops, Haduoqaembilt Audpdy3HOHHbI MOTOK eCTb CyMMa JBYX HOTOKOB: 
OObEMHOPO U NOBEPXHOCTHOTO, M SKCNEPHMEHTAIBHO ONpPeenAeMbI KOIpHUHeHT 
| Camo.udpy3un ecb JIMHelHad KOMOMHALMA MCTHHHDIX KOSdpHMeHTOB Auddy- 
|) 344 — OObeMHOH H NoBepxHocTHOH*: D; =~ Dy + aDn,rayea — BenuuuHa, onpeye- 
JIAe€MaH TCOMeTPHEli HM MVJIOTHOCTbIO PaCNONOAReHHA MPOHH3bIBAalOLLHX MeTAaVI 
| CBOOOAHbIX noBepxHocTeH. B cayuae 3yleMeHTAapHOM MOJe/IM «AKTHBHOFO» MeTaul- 
} Jia, COraCHO KOTOPOH 3ePHO MO2KHO IIpeCTaBUTb COBOKYMHOCTHIO Yepe;LytOUlH X- 
| CA COCR. HeHCKaKeHHOM pelleTKH HM MIOCKHX ete (noqoGue rpebeuKa), 

/a~L, rae }— TOMUMHa CJIOA, B KOTOPOM OCyUeCTBIAeTCA NOBEPXHOCTHAA Lup- 
| dysua, L — wupuna cosa mertasia, cBoOoxHOrO oT ucKaxKeHHi. B takom mpu- 
| Onwxennn Y~ — B pa3yMHbIx mpesnomomeHuax y~ 10 + 107, D,/Dy>~ 10? 

0 
10? uw A~ 107° + 107? nonysaem L ~ 10-* + 107°, uto Taxxe pasymuo (25,17). 
CoraacHO W3JIOXKeHHbIM MpeACTaBJICHHAM, Ha JaJIeKHX CTaqMAX Mpotecca 

CNeKaHHA Tak Ha3bIBaeMbl€ «3aMKHYTHIC» NOPbl ABJIAIOTCA 3AaMKHYTBIMH JIMLUb 
B TOM CMbiCyle, YTO HX HaMYNe He OOHAPy2xKuBaeTCA ONbITaMH, B KOTOPBIX Ha- 
Oso aeTca Pazon poHullaemocTs oOpas3ila. B AeiicTBUTeJIbHOCTH 2Ke OHH B OObEKTAX, 
OONaatoulHX <AKTHBHOCTHIOY, OKAZbIBAIOTCA CBAZAHHbIMU M@XKLY COOOH H C BHELLI- 
He panne OOpasiia MHOPOUMCCHHbIMA MHKPOCKOMMYCCKHMH KallnJIApaMy, 
JIMHCHHbIC pa3sMePbI CeCYCHHA KOTOPHIX MOPAAKa MeXKATOMHbIX PaCCTOAHHH. 
Tlopepxuoctuas Aucddysua, OCYULeECTBIAIOULaACA BUOb STUX KaNHJVIAPOB, Tipu 
BbICOKHX TeMMepaTypaX BHOCHT BKJa, B BEIMYHHY CyMMapHOro Au*ppy3snouHoro 
MoTOKa, MpHBOAAWero K OObBeMHOM ycaqKe NopucToro Tela. YMeHbUIeHHe OOb- 
€Ma «H30JIMPOBaHHOM» Mopbl BCeLcTBHe Lud@dy3suH MO MOBepXHOCTH KalHJI- 
ApoB (MHKponosoctTel) MOOOHO yMeHbUIeHHIO OObeEMA MbI/IbHOrO My3bips, 
CHAULerO Ha COMOMHHKE, U3 KOTOPOTO TO] BIMAHHEM JaiIaCCOBCKOTO AaBule- 
HUA BbIXOJUT fa3, C TCM JIHIb OTJIMYHEM, UTO peaJIbHbIM ras NepeMeHlaeTcA 
yepe3 BCe CeYeHHe COJIOMHHKH, a «ra3) BaKaHCuli — 10 NOBeEpXHOCTH MHKPOrO- 
JIOCTeH. e : 

PasymeeTcs, JIHINeCHO CMbICJIa TOBOPHTb O CTPOrou TemMepaTypHOH Tpa- 

HUIe, HHXKE KOTOPOM «AaKTHBHOCTb» METAJVIOB FaIbBaHHYECKOTO MPOHCXOKCHHA 
OOYCIOBIMBACTCA HaJIMYHeM HCKa%KCHHH, a BbILWe — HaJIM4HeM CBOOOAHDIX Ppa- 
Hut. O2HAaKO C MOBbIIMeHHeEM TeMNepaTyPpbl OTHOCHTEbHAA PO/b OOOHX MCXaHH3- 
MOB M3Me€HACTCA TaK, KaK OO 3TOM TOBOPHJIOCb BBILLC. 

Heo6xogumMo 3aMeTHTb, YTO PO/lb PasBHTHA (u3MebUeHHA) CyOCTPyKTypbl 

MeTaJlla B YBeJIMYeHHH ero AudpysHoHHoH AKTHBHOCTH paHee oe os 
IIPHMCHHTeJIbHO K (pa3sOBbIM MepexoyaM (11), Tak HW MIPHMCHHTEJIbHO K I H 


12\** 
KOMYy JlePOpMHpOBaHHIO MeTAJIJIOB fea ea 


i) 
tl 


: 
| 
] 
q 
| 


HHeM» MOBepXHOCTHOrO Audpy- 
* B rpy6om mpegmosoxKeHHu, COrlacHo KOTOpOMy «3aTeKa p cipy 


S3HOHHOTO ToTOKa B OObeM MOXHO MpeHedpeyb. 


é Oblia yxKe 3aBepuleHa, 
** Cratpa (1°) noapusiach B NeuaTH, Kora Halla pa6ota y p 
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B saku10uenHe BbipakKalo OularojapHoctb H. H. Opuapeuko 3a MOMOLIb | 
npOBeeHHH MeTaJorpadpHyecKoH padorsl. 


XapbKOBCKHH YTocyflapcTBeHHbIM yHHBepCuTeT Iloctynusio 
yum. A. M. Topbkoro 4X 1658 


IMTHPOBAHHAA JIMNTEPATYPA 


1B. A. Heeuncen, KTO, 20, s.6 (1950). * A. E. Dery 3 wn, BoM. Maga 
Hun, B. A. Tiuuec, Yu. 3am. Xapbkosck. roc. yuHus., Tp. dus. otg., 4 (19534 
25. A. Wuunec, Ff. E. ferysun, KT®, 24, ws. 11 (1954). 4b. A. Wunwec, Yara 
XappKopek. roc. yHus., Tp. pus. oTZ., 3 (1952). © B. A. I1uuec, Yen. cus. nayk, 52, B. | 
(1955).9) 8 G. Kiws zins ky, J.-Appl: Phys., 21, Ve 76(1950)' 20" Coes aioe 
Trans. AIME, 185, 969 (1949). 8S. E. Pery3uu, KT®, 23, B. 9 (1953). %® B. Ald 
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16 B. WH. Apxapos, Tp. Mucr. cus. mer., Caepfnoscx, 20 (1958). 1° C. 0. Pep ug 
pret: C. LWuuuauauo, C6opx. Tpo6memp xaponpounoctu, 3, W3q. AH CCCP 
958. 
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Joxauann Akanzemun Hayk CCCP 
1959. Tom 124, M5 


TEXHHYECKASA ®H3HKA 


M. HW. YAEBCKHH 


BJIMAHHE PACNJIABA OJIOBA HA YCTAJIOCTHYIO MPOUHOCTb 
OBPA3HLOB CTAJIM C KOHILEHTPATOPAMM HATIPA)KEHHA 


(ITpedcmacaenHo akademuxom [1,. A, Pe6uxdepom 16 X 1958) 


B noceqHHe roxbl yhenserca Gombuioe BHUMaHHe nCCeOBaHHMIO BUMAHHA 
PacnaBOB JlerkONaBKHX MCTa/JIOB Ha cBolcTBa cTanu (*“). 

es paOore MbI H3yUAJIM BJIMAHHE pacnaBa O/OBa Ha YCTaJIOCTHY!O 
PpaslloB H3 yrviepofucTou ctamu* Cc KOHUeHTpaTOpaMH Hallps.KeHHA 
(puc. 1). Ucnsitranua nposognsucb Ha CNPOeCKTHPOBaHHOH JWia STOH WeH Ma- 
IUHHe. Upwxuan J€HCTBHA MalWwHHbl, OCHOBaHHbIlt Ha KPyrOBOM H3rvOe WeHTpo- 
OexHOH cHIOH HeENOABHXHO 3aKPeMIeHHOrO KOHCOJbHOrO OOpa3zula, H3BeCTeH 
(cM. (5, °)). Sra mMauimHa NO3BOMa MpOBOAWTb UCMbITaHHA B Pa3JIMUHbIX 


LU5 


Kony Mopse.NI 05 i 
Ss R=005 i zz. 6-kpyeom, kpome 
2-2! GYKAIQAHH IX 


Puc. 1. OOpazell c KOHWeEHTpaTOPOM Hallps2xkeHHA AIA HCIbITAHHA 
Ha yCTaJIUcTb 


cpewax Mpv OObMHBIX H MOBHILIeHHbIX TeMMepaTypax H OMPeeMATb C MOMOLLbIO 
CnellHaIbHOFO yWIMHUTEIA-[HHAaMOMeTPa HU MPOBOJOYHBIX AaTUHKOB CONPOTHB- 
neva Harpy3Ky, MelicTByrolulyio Ha oOpas3ell. 

Onpitb! noKa3anu** (puc.2), YTOMpezed yCTaIOCTHOH MpOUHOCTH HCMbITaHHbIx 
oOpa3lloB CTaIM C KOHUENTpaTOpaMH HaNpsAXKeHHA NON BOSJelicTBHeM paciaBa 
onopa*** npu ¢t = 300° yBemu4unicA MO CpaBHEeHHlO C NpeAeJlomM ycTaJlocTHOH 


MpOuHOCcTH Ha Bo3syxe Mpu Toll Ke TemmepatType MpHMepHO Ha 50%. 

Ha neppblli B3rviay, KaxKeTCA, TO NOJTYYCHHbIM PesyJIbTaT HE CoracyeTca 
€ CYULECTBYIOWINMH NpekCTaBeHHAMH, COPAaCHO KOTOPBIM MPOUHOCTb CTAaJIbHbIX 
OOpa3u0B, HaxXOJAWIMXCH B KOHTAKTe CO CMauHBalouleH 2KHAKOCTbIO, JONKHA 


: — ——— a AG 

* Yrepomuctad cTatb MapkH CT-35 B OTOAOKEHHOM COCTOAHHH. Pexum oT2Knra: Harpes 

no 1000°; ppigep%xKKa B TeNeHHe ] uaca; OXlaxKeHHe BMECTE C TICUbIO. 

** Tlepen vcnbiTaHHeM O/Ha NapTHA o6pa3uion Obila NoABeprHyTa yKeHHMIO NO cAeAyIoulen 

TexHosiornu: 1) npoMbiBKa B OeH3HHe, 2) TpaB.leHHe B YHCTOH CONAHON KUCNOTe B TeYeHHe 8 MHH.; 

3) o6pa6oTka B HaCbILLeHHOM WMHKOM PpacTBOPpe COAHOH KHCJIOTbI C BbI.ep2%KKOH B TeYeHHe 

8 muu.; 4) norpykeHHe B BaHHy C paclilaBJeCHHbIM OJIOBOM, HarpeTbIM BbILWe TOUKH MaBJleHHA 
Ha 30—40°, c pbigep>KKoli B TeveHHe 8 MHH. 

*** Bo ppeMA HCIIbITAaHHA Ha yCTaJlOCTb O 


OJIOBOM. 


Opa3iibl HaxXOJHJIHCb B BaHHEe C PaclIlJlaBJICHHbIM 


049 


NOHW2KAaATbCA BCJICACTBHE ajlcopOWHOHHOrO NOHHKeCHHA TOBepXHOCTHOH SHEpry 


(7,2). Oynako 6omee rmyOoKHi aHalu3s MOKAa3sbIBacT, qTO pais 
ne net. JLevicTBHTeIbHO, H3 paoor I. A. PeOunmepa HM COTP. As 
uTO HO MeliCTBHeM MOBePXHOCTHO-aKTHBHbIX BeuLeCTB MWacTH a ie | 
MOXKeT BO3PacTaTb, eCJIH YPOBCHb HOPMAJIbHbIX Hallps2KeHHH : ae Soe 
OnpeWeeCHHOH BeJIMYHHEI. Hauunasa xe c ompesemeHHOro, AocTaTo 


ypOBHA HOpMaJIbHbIx HalpaAxKeHHH, MeTaJVIbl MOA jleucTBHeEM ancopOHOHHO 
aekta HauHyT paspyllaTbcH XPyKo. Ilpu 9TOM MpOUHOCTHbIe CBOHCTBAa M 
TaJIOB Taaror. 


KT /mm? 
a | Pa Dia Sa) He = ahaa halt 
LO i ‘ie Teall + at | 
15 =~ = 
aS) og 
0 o6 
af | 


4 

i 2 66 0 2 4% 60 100 200 4006001000 2000 +000 10000 10 

NV -_ 

Puc. 2. Kpupple ycTaocTHolt MpouvHocTH oOOpasuoB C KOHIeHTpaTopaMH HallpsAxKeHHA 
mpH 300°: a — ucibitaHua Ha Bo3fnyxe, 6 — HCIbITaHHA MpeABapHTebHO OO/IyKeCHHbIX 


oOpaskoB B paciape OloBa, 6 — MCMbITaHHA TpeqBapHTebHO He OOJIy2KeHHbIX 06- 
pasloB B paciisaBe oloBa 


CiefoBaTebHO, pacnaB OOBa, CMa4HBasi MOBEPXHOCTb BLITOUKH KOHILCHTP4 
TOpa, MpHBOAUT K YBeMYCHHIO MWIaCTHUHOCTH MeTaJa, a CJIeQOBaTe/IbHO, 
YMCHbILeHHIO 3¢PPeCKTa KOHLWCHTPaluH HalpsXxKeCHHA HW K MOBbHILUeCHHIO yCTaJOCI 
HOH MpOUHOCTH. 

Kak BHHO u3 puc. 2, KPHBbIe yCTaOCTH MIpelBapHTebHO OOJTYKeHHBI 
OOpa3OB, HCIbITaHHbIX B PacMaBe O0Ba, MH OOPa3IlOB, HCMbITAHHbIX B BOSAYyXé 
MMCIOT Pa3/IMUHbIM XapaKTep B 3aBHCHMOCTH OT YPOBHA HanpsxKeHHH. KpnBa 
yCTaIOCTHOH MPOUHOCTH MpeABapHTebHO OGJYXKeHHbIX OOPa3slloB B Mpesesa 
10°--5-10" unknoB mpoxogquT Haq KpuBOli ycTalocTHOi mpouHocTH oOpas 
0B, HCIbITaHHbIX Ha BO3Ayxe, a B Ipexemtax O--2-10° wnk10B B3aNMHOe pat 
MOMOXKCHHE KPUBLIX MeHAeTCA. CeqoBaTeIbHO, B mpemenax 10°--5 -10? mwHKs08 
BCI€ACTBHE YBeIMYCHHA MIaCTHYHOCTH MeTaJJia, BO3pacTaeT ycTasocTHa 
MpOUYHOCTh OOJY2KeHHEIX OOpasiloB, a B mpemenax 0-2 -10° nuKs0B, BCe_CTBH 
NOBBIIMCHHA YPOBHA HOPMAJIbHbIX HaMPAKeCHHH, HAIMHAeT MPOABATbCA acopl 
WHOHHO-packJIMHUBAalOUN adPpekT, YTO MPHBOLUT K NOHMXKeHUIO OFpaHHeHHO 
BbIHOCJIMBOCTH OOJIy2KCHHBIX OOpasIlOB 10 CpaBHeHHtO C HCMbITAHHAMM Ha BO 
qyxe. 

O_HOBpemeHHo ¢ adpipekTom yBenwueHHsA ycTasocTHO! MPOUHOCTH, BCJENCTBY 
YBCIMYCHHA MIaCTHYHOCTH MOM AeHCTBUeM PacilaBa O0Ba, BO3MO%KHO, MMet 
MECTO H S(pPeKT «3aleUHBaHUA» KOHWeHTpaTopa pacnmaBoM omoBa. CyulHoct 
STOrO «3aJIeUMBaHNsA» MOMKHO MpeACTaBHTb cweqyrouluM oOpa3som. M3pecrut 
4TO XKUAKOCTH B KaNHApax OOaaloT BLICOKOL OObeMHOL mpounocrpro (14 
Ecan Obl BbITOUKA KOHMCHTPaTopa, 3aNOHeHHad pacnaBoM Os0Ba, MpecTaBu: 
Busine warp yah ee CASTILE BOCIIPHHHMaJ Obl BO3TeHCTBI 
Hae wma eee Jl, H KOHWCHTPallnA HalpAxKeHHA Obl 

*KeHa ACHCTBUTCIbHOCTH BbITOUKa KOHILCHTPpaTopa He MpescraBssAt 


co6oli 3aMKHYTOTO cocyla,u NOSTOMY paCciwaB OJIOBAa NIpH CTaTHYeCCKOM HarpyxXK 
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4H BOCIPHHUMATb lelicTBy!oulel Harpy3Kku He OyyeT, OLHAaKO TIpH WHKJIMYeECKOM 
Jarpy2kenuu (B HallMx onbirax 50 wHK10B/cex) on OyeT BOCNPHHHMAaTb YacTb 
pHEUIHeH Harpy3ku, YTO, BO3MO2XKHO, MpuBeweT K CHW2KEHHIO KOHIeHTpalluu 
}anpa2KeHHA. 

) Cuefyer Takxe yuecTb, 4To pacmiaB o0Ba MpeOXpaHsAeT NOBEPXHOCTh BBI- 
WOUKH KOHMCHTPaTOpa OT OKHCJICHHA, UTO TAKxKe MOXKET CNOCOOCTBORATDH MOBBILIIe- 
H1MIO YCTANOCTHOK MPOYHOCTH OOY2KeHHBIX OOpasoB. 

Ha OCHOBaHHH M3/10%KCHHOTO MOXHO Mpe_nonOxKUTb, YTO BLIHOCAMBOCTD 
MPEABaPUTCIbHO HeOOY2KCHHbIX OOpa3slOB, UCMbITAHHIX B pacmiaBe ouoBa, 
[.OJDKHAa ObITh PH HEBLICOKHX Halps2xKeHUAX HK, UeM BbIHOCMBOCTH mpeyqBa- 
PHTCIbHO OOMYKCHHBIX OOpasios (xyquIMe ycOBUA CMa4MBaHNaA), a pu no- 
‘BILNICHHbIX HAlipAKeHHAX — Bolle. []poBexenuple ombiTHI (puc. 2) sto MoL”TBep- 
)K ator. 

Ilox elicrBuem KOppo3sHOHHEIX mporeccosn mpesen yetaocrHoli mpounoctu 
pOpasuos, HCIIbITbIBACMBIX B BaHHE C PaCMaBOM OJIOBAa, C YBEINYCHHeM JWINTeJIb- 
}1OCTH MCNbITAHHH OyWeT HeECKONbKO NOHMKATLCA, KaK 3TO YKa3aHO Ha puc. 2 
(IYHKTHPHOM npsAMoH. OxnaKo cKopocte aToro mpouecca HeBenuKa. 

|_ Asrtop npuuocut ray6oxyio GnarogapHocth axag. Il. A. PeGungzepy, mpod. 
3. HW. JIuxtmany u npod. I. B. Kapnenko 3a nocranoBKy 3aqauu wu px WeH- 
AbIX 3aMeUaHHH. 


MucrutyT mMauimHopezenua um apromaTukn Toerynuuto 
Akajemuu nayk YCCP 21 VIII 1958 
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HWoknagn Akanemun Hayk CCCP 
1959. Tom 124, No 5 


XHMHA 


H. B. EJIATHHA u axanemux B. A. KASAHCKHH 


CHHTE3S CMMPO-(5,6)-JOMEKAHA 


B mpexbilymux COOOWLeHHAX Ob ONMCAHbI CHHTe3bI HEKOTOPBIX WHKINUeC- 
CHX YIJICBOMOPOMOB, COMepxallHX YeTBEPTHUHHIM aTOM yraepola B WHKIe, 
IMeCHHO cnupo-(4,4)-HoHaHa ('), cnupo-(4,5)-neKkana (*) uw 1, 1-qumeTrusuuK0reK- 
cana (%,*), C MOMOUbIO peaKUMH MMHAKOJIMHOBOH MeperpynmupoBKH JByTpe- 
(HYHIX a-rinKoeH. [lomyueHHble TAKUM MYyTeM KeTOHDI! MpeBpalllasuCcb B rudpa- 
30HbI, a NMOCeEAHHE NOABepraHCb KaTaJIMTHYeCCKOMY Pa3J1IOX%XKeHuIO MO MeTOLy 
A. M. Kwxuepa. 

B Hactosuel paOote 9Ta peakUuaA OblWia MPHMeHeHa JIA CHHTE3Aa elle OL- 
HOrO OWWMKMMYeCKOrO yrmeBoopona cmupaHoBoro cTpoeHua — cnupo-(5,6)- 
qonekauHa (I). 


Auten poe C CH, 
GH ve 


\ 
CH,—CH, CH,—CH,—CH, 


{1) 


C STO WesbIO WHKMOFeKCaHOH MOMBeprasicA BOCCTAHOBJICHHIO aMaJIbraMupo- 
BaHHbIM aJIIOMHHHeM B Cpene cyxoro Gex3ou1a B 1, 1’-znoKen-1, 1’-tnuunKOreKcH 
(11). Tmnaxon(I1) npn gelictBun 63%-Ho CepHoli KHCOTHI MN peBpalllavica B CMEC, 
cojepxKamyio 30% cnupo-(5,6)-f0qekaHoua-7 (III) u 70% 1, 1’-aHuNKsOreKce- 
Hua (IV). Kak noka3asin Hall ONBITHI, IpHMeHeHHE CepHOH KHCJIOTHI OO/IbUIeH 
KOHICHTpallHH MIpHBOAMIO K OCMONeHHIO, Ooee Ke CaOad CepHan KuCOTAa 
qelicTBoBasla TlaBHbIM OOpa3s0M Kak JleruApaTupyroulee CpeCTBO, WH OCHOBHBIM 
mpoxykTom peakwuu Opi 1,1’-quunkaorexcenua (1V). 


CH,—CH CHo~-CH, 
ia Pen, SS / \ ay 2804, 
2 CH, arn ——— CH, IR CH, 
NcHy—CH CH,—CH» OH HO CH,—-CH, 


(11) 


CH,—CH, CH,—-CH,—CH, CH,~-—CH, BSE ene 
7 “a 


sae \ 
— > CH, ong + Gh oe Co Jue 
‘CH,—CH, GCs Oe CH,—CH CH—CH, 
am ° (iv) 
lean 
CH,—CH, CH»—CH,—CH, Ye ee Pk was TEA 
1H 
ch, oe ee CH C 
NH —cH, C——CH,—CH, CH,—-CH, | CH;—CH,—CH; 
(v) N—NH, (1) 
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Cmecp Ketona (III) u quena (IV) nogpepranacb (pakUMOHAPOBaHHOW PasrOuK 
B BakyYMe Ha peKTHPHKAUMOHHOH KOJIOHKE, oOorall|eHHble me pak 
nH OOpabaTbIBaJIHCb COJIAHOKHCJIbIM cemuKkap0a3H10M. Cemukap0a30H Cnupo 
(5,6)-MoleKaHOHa-7 pa3iaraJicA COMAHOM KHCJIOTOH, HW KCTOH OTTOHAICA Cc BOAA 
HbIM tlapoM. JlelicrBuem ruApasuHrufpata Ha cnupo-(5,6)-zogekanHou-7 (III) 
6bwI nosmyyen TuApason (V), KOTOpbI nosBepraicH Pa3OXKCHHIO B MPHCyT 
CTBUM @KOrO KaJIM WM MWwaTHHHpOCBaHHOrO ys. 

Tlonyuenubiit cnupo-(5,6)-qogekaH mpescTaBlAeT co6o10 JOBOJIbHO ryctTy 
6eCUBeETHYIO XKHKOCTb C NPHATHBIM KamapHbIM 3allaXOM. A 

Kouctantpl cnupo-(5,6)-foweKkana cuiefyroulue: T. KUMI. 100 — 101°/9 mm: 


n2® 1, 4874; d 0,9021; MRp uaiineno 53,06, BerunceHo Avid Cy2Ho2 53,21. 


QIKemepuyMeHTaIbHaAAH YAaACTH 


1,l-nuoxeu-1,l’-nuuuKkaorekcu a. B kpyrnogonyyto KonOy em 
KOCTbIO 2 J, COCMHEHHY!IO Yepes shopuTece C OOPaTHbIM XOJOAHJIbHHKOM HM Ka 
€IbHOH BOPOHKOH, nomemanocb 50r (1,9 T-aT.) TOHKHX aJIIOMMHHEBBIX CTPyKeKk! 
vu 400 ma cyxoro 6eH301a. Ben30/1 MOBOAMICA WO KHNMeHHA, Moce ero B Kou6y' 
qoOapasica pactBop 24 r cynempl B 200 r (2,04 Mons) cBexeneperHaHHOro WMK- 
jloreKcaHouna. Cpa3y HaunHasach OypHad peakUHA, COMPOBO*KaloulaAcA IHEp- 
THUHbIM KHI@€HHEM PpeaKUMOHHOH CMeCH, KOTOPOe NpososxKaNocb B Te4eHH 
15 muy. Satem cMecb HarpeBasiacb tO KHMe€HHA Ha BOAAHOM OaHe MpH YaCTOM 
BCTPAXMBaHHH B TeyeHue | uaca. K oxviaxKeHHOH peakKUHOHHOH CMecH 2OOaBuA- 
Jiocb 160 ma Bog! H 200 Ma GeH3oa. PeakuuoHHasd Macca HarpeBaJiacb Ha KMMA- 
me BOAAHOH Gane ee B MposomKenne | vaca H BrOpAYeM CCCTOAHHH PUbTpO- 
BalaCb 4epe3 BOpOHKY BroxuHepa. OcayoK skctparupoBasica 250 Ma KuMauLero 
OeH301a, H OCH3OJbHbIM PacTBOP OTJeAICA OT OCaqKa Ha BOpOHKe Broxuepa. 
Sta onepaluA NOBTOpAach elle Ba pasa. BeH30JuibHbIe PaCTBOPbI COCAHHAJIHCh, 
W OeH30 OTTOHAMICA AO TeX Nop, NOKa TeMMepaTypa OTXO[sAMxX MapoB He JO- 
cTurana 120°. | 

Octratok B Kol6e —rycToe x%xeNTOe Macio — oxsaxkgaica sabgom. IIpu 
moOaBieHun NerpomeiuHoro sadupa Bbinal Oenbii KpucTasmuyeckni ocaloK 
MMHaKOHA, KOTOPbIM OTCAaCbIBaJICA, MPOMbIBaJICA NMeTPOelHbIM SC—PHPOM H BBI- 
cylimBayica Ha Boszyxe. I[lonyyeno 91,7 r 1,1’-qnoxcu-1,1’-nnuuKorekcuaa 
(BbIxoq 45,4% Teopun), T. um. 129—130°. 

JIurepatypHbie fanubie: T. nt. 128,5—129,5 (5); 130°(&); 128°(9). 

Ciuup o-(5,6)2o_ekauHoun-7 u 4il,l’-auuuKkaorekceHHa. 
B kpyriogonnylo KoG6y emKoctbio 500 ma, coequnenHyio yepes cbopuirocc 
C OOpaTHbIM XOJIOAWIbHUKOM, Momentastocb 100 mn Bogbt uv 100 Ma KOHWeHTpH- 
POBaHHOH CepHol KucuoTE! (d 1,84). K ene Tenmol cmecu nocTeneHHo oOaBuA- 
JOCb IipH BeTpaxuBaHun 60 r (0,3 Mons) ToHKopacteproro 1,1’-quoKcu-1,1’-qH- 
Wuksorekcnia. HaOmofanoch NOMyTHEHHe pacTBopa H OOpas0BaHHe Ha MOBEPX- 
HOCTH MaCJIsiHuCTOrO clo”. Kon6a HarpeBalacb B TeyeHne 2 vac. Ha KUMAULeH 
BOMAHOH Oane pu YacToM BeTpaAxuBanun. Ilo oKoMYaHHM HarpeBaHnaA peakIMOH- 
Hav CM€Cb COCTOAIa U3 ABYX CJIO€B: BepXHero — XKeNITOFO MaCAHHCTOFO CJIOA, 
COmep2Kalkero CNHPOKeETOH HM JHeCHOBHI yIvieBOOpo H HuxKHETO — BOHOFO 
cod. Macio orronsocb C BOAAHBIM apoM, HW JueTnaT 9KCTparMpoBasica Cep- 
HbIM 3(HPOM. 

Supueiit PacTBOp MPOMBIBasIcA 3%-HbIM pacTBOpOM eKorO HaTpa, 
3aTeM BOMOM M BBICYINMBAJICH CIMABJICHHbIM MOTalIoM. dup orrouasca, a 
ocraToK (pakumouupBasica B BakyyMe. Bpwio moulyueHo 27,5 r cmMecu cnupo- 
(5,6)-n0eKanoua-7 u 1,1’-qunuKOreKceHMIa, KoTOpad uMema T. Kun. 103— 
103,5°/2 mm un 1,5258. 

5.6) someone nV Suamorancoe OE ouane Gea 
See GH Rate TMK IOreKcennia (286 r) NOjBeprastach (ppakW\nonu- 

PasPoHKe B BakyyMe Ha PCKTHDUKALMOHHON KOJIOHKEe CO CTCKAAHHOM 
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‘acanKolt appextuBnoctaw 40 tT. Tr. OdoramenHpe CNHPOKeTOHOM (dpakinu 
. kun. 125°/9 wm, n° 1,4973 ut. Kun. 126,8—127°/10 MM; 159 1,4988) o6pa- 
WTBIBAIHCh COJAHOKUCJIBIM CeMuKapOasntom. Cemukap6a30n OTCACHIBaJICA, 
MPOMbIBaJICA Ha PuJIbTpe CHUpPTOM, BORO!, onATD CNHUPTOM, NeTpomeHHbIM 3cu- 
2M HW Bark bl eee oo ages v3 15-KpaTHoro KomnuecTBa 3THJO- 
ro cnupta. .BbbWio nomyueHo -(5,6)- - 
7. + a pee. r cemMukKap6a3ona cnupo-(5,6)-zoneka 
| JluTepatypHpie anupie: T. m1. 208,5—209,5° (1°); 209,5—210,5° fei 
{ Cnupo-(5,6)-nonexaunoun-7.B KPYIJIOMOHHYyIO Ko6y emKoctbt10 500 ma 
/ MeLULaOCb 20 r (0,084 mous) cemnKap6a3oua cnupo-(5,6)-noneKanona-7 n 200 Man 
)%-HO comaHO KucHOTHI. Kona cua6xanacb OOpaTHbIM XOJIOLWJIbHHKOM HW Ha- 
OHeBalach Ha KUMALLEH BOAAHOM Cane mpn BCTPAXHBaHUH B TeveHHe 2 yac. Buie- 
MBIUMHCA KeTOH OTFOHSVJICA C BOAAHbIM Napom. Jlucruat 9KCTparupoBayica 
2: PHbIM SupPOM. 
| OpPupHb pacTBop mpompiBanca 3%-HEIM pacTBOpoM cosBI, 3aTeM BOLO! u 
pICYUMBaICA Ha O€3BONHbIM CepHOKHCAbIM MarHueM. Ocup orrousaca, 
OcTaTOK MmeperoHAica B Bakyyme. 
| M3 128 r cemuKkap6asona cnupo-(5,6)-noneKanona-7 6biwi0 nosmyueHo 88 r 
}1Hpo-(5,6)-nomekaHoua-7. Bprxoy zB pacuere na 1, 1’-qnoKcu-1,1’-autuKoreKcua 
$9,9% Teopun. 
Kouctantb cnupo-(5,6)-qoqekanoua-7 cemyroutue: T. kum. 110°/4 mm; 119— 
\20°/7 mM; ol 4942; d7"'0,9906; MR, Halifeno 53,00, BbruucmeHo Aa C,,H,O 
2. 
| JlutrepatypuHpre Jauupie: T. Kun. 120°/8 mm, ns 1,4830, a 0;9795 (ey 
. kun. 101—103°/2 mm (2°); rv. kum. 129—131°/12 mM (4). 

Cnupo-(5,6)-20ReKau. B kpyraogonnyio Kon6y emxoctbio 150 ma, 

HaOXKeHHY!O OOPaTHbIM XOJIOMWJIbHUKOM, NoMeljatocb 34,6 r (0.19 mows) 
inupo-(5,6)-qonekaHoua-7, 31,7 r (0,57 moa) 90% rugpasuurugpata u 50 Ma sTH- 
foporo cnupta. Kom6a narpepasacb B TeyeHHe 7 Yac. Ha MaCJIAHOM OaHe, TeM- 
lepaTypa KOTOpOH nospep2xuBatacb mpu 120°. Sarem cnupT u He BOWeRUINH B 
eaKUHIO THAPasHHrusApaT OTTOHAUCh OT peaKUHOHHOH cmecu. K KOHLy oT- 
OHKH Temnepatypa OanHu Obiia nogHsta Jo 140°. 
- OctaToK B peaKIHOHHOH Kosl6e HaCbillaICH TBCPAbIM CAKHM KaJiH, HW BCIVIbIB- 
UHM THApason OTAeMAJICA OT BOMHOFO CJIOA B WeHTebHOL BopoHKe. Tuypa3sox 
DICYIUMBAICA CBEXKECHMABJICHHBIM CAKHM KaJIH CHauasla Ha XOJIOLy, a3aTeM pH 
[arpeBaHHH Ha MacsAHOl OaHe npu 100°. Bbwio nomyyeno 36,3 r rug~pasona 
mupo-(5,6)-qomeKaHoHa-7 B Buse TyCTOrO CBeTJIO-%KeJTOrO Maca. 

Tugpason cnupo-(5,6)-noqekaHoua-7 nogBepraica KaTaJIuTHYeCKOMy pa3vio- 
KeHHIO 6€3 MpeBapHTebHOH MeperoHKH. 

B xoa6y Bropua emxkoctbi0 100 ma, cHaOxKeHHYI0 TEPMOMETPOM H COCAHHEHHYIO 
HUCXOMAULUM XOJIOJUIbHUKOM, NOMElLaJIHCb PHApascu cnupo-(5,6)-owekanona-7 
(2 cBeExKecnaBIeHHOrO eKOrO Kalu, pacTepToro B TOHKHH MopowoK,c 0,lr 
JIATHHUPOBaHHOrO yrvid. CMeCb HarpeBaJlaCb Ha MeTaJluIH¥eCkOH OaHe, Temme- 
aTypa KOTOPOH MeLIeHHO MOBbIWAaIach. YrueBoLopok OTTOHAICA pH TeMMe- 
aType Oanu 240—250°. Temnepatypa OTXOAAMMX MapoB IIpH 9TOM 6pi1a 210— 
15°. Tuctuamar BbICcyWIMBaJICA CNuaBJICHHbIM CXKHM KaJlH H TeperoHsAJiCA Hay 
BKM KaTalusaTopoM. I[lomyyeHHbIH yTeBOLOpod MpoMbiBacA TPH pasa 
0% -Hoit yKcycHol KucHOTOM,3aTeM BOJOli, 3% -HbIM paCTBOPOM CAKOFO KaJIM, OIATE 
OOH M BBICYIIMBaICA MlaBJIeCHbIM NOTaLIOM. B pesyabtTaTe (bpakuWHoHHpo- 
aHUA Hal MeTasuueCKUM HaTpHeM Opl10 nomyyeHo 18,3 enupo-(5,6)-qoqekana. 
Ixo 57,3% TeopuH. - 

eae Proc c nonexana cnenyiomne: T. Kut. 100—101°/9 “um; 
2 1 4874; d?° 0,9021; MRp naiizeno 53,06, Beruncneno Ait CysHo. 53,21. 


Hafizeno %: C 86,64; 86,64; H 13,25; 13,46 
CyoHo» Boruncaeno %: C 86,66; FT 13,34 
4055. 


Cnupo-(5,6)-RoxekaH mpescTaBiseT coOoK Oeci[BeTHy!0, AOBOJIbHO TycTy 
%KHJIKOCTh C KaM@apHbIM 3amaxOM”. 


Iloctyn“ato0 


MockoscKHi rocyjapcTBeHHbIn HMBepCuTer 
one i 3 24 XI 1958 


um. M. B. JlomouHocosa 
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* 12 
JIa6e 
pean ae Ze ue BoccTaHosuleHHu 15 r cnupo-(5,6)-foqeKanona-7 mo MeTony KjemMencena 
POAYKT, H3 KOTOporo HM ObIsa BbIeTeHa B O“eHS He€3HAYHTeIbHOM KOJIH- 
yecTBe (bpakius c T. Kui. 103—106°/9 um u n29 1.4890 
; ; 


D 
1056 


Joxnane Akanemun Hayk CCCP 
1959. Tom 124, Ni 5 


XHMHA 


K. M. E®PEMOBA, E. A. HNMOJIATOBA, 
10. Il. CHMAHOB u axkayemux Buxt. WH. CIIHUbIH 


MCCJIENOBAHHE COCTABA YPAHATOB LJEJIOUHbIX 
QJIEMEHTOB, TOJIYYUAEMbIX CYXHM ILYTEM 


_ B anteparype (**) umeiwrca cBegqenusa 0 nomyueHHH MyTeM B3auMOzelicTBHA 
[pH BbICOKOM TeMMepatype OKHCIOB WIM Coe ypaHa C OKHCaMM WIM COAMH 
MCJIOUHBIX 9JICMCHTOB MOHOYPaHaTOB BCeX LLCOUHBIX METAaJJIOB H JHYpaHaToB 
(MTHA, HATpHA M Kanna. B pesyuprare cilaBeHHA ypaHucybata C XJIOpH- 
(OM HaTpHA WIM KaJIHA HW MOCMeLyIOulero KHNAYCHHA MpOAyKTa peakUHH C BOLOIi 
IIH MOJLyYeHbl COOTBETCTBEHHO TpHypaHaT HaTpua NaeUsO10 u reKcarHypat 
ekcaypanata kalua K2U6O19-6H2O0. Yxaspipaetca (4), uTO MpH peaKIHH Me- 
Kay UOs u pacniaBeHHbIM €1KHM HaTpOM BHawase OOpa3yerca ypaHaT Cco- 
Tapa NasaUOs, 3aTem (spe 400°) ox mepexoguT B Gouee ycroiunBoe CcoeqHHe- 
Me, B KOTOpom oTHoueHuve Na : U xone6setea or 0,5: 1 go 1 : 1. Takum o6pa- 
40M, HeT HCYePMbIBaIOWHX JaHHbIX O TOM, KaKHe ypaHaTbl KaxkKLOro WeOUHOrO 
WIEMCHTA MOryT OOpa3s0BaTbCA B YCJIOBHAX BbICOKOH TeMmMepaTy pb. 

| Saxapuacen (°) yKasbIBaeT, UTO B CTPyKTypaX MOHOYPaHaTOB JIMTHA, HATPHA 
i KaJIMA WMeCIOTCA TeKCAarOHaJIbHbIe WIM MCeBAOFeKCarOHaJIbHble COM, aHaslo- 
“MUHbIC HMCIONLMMCA B MOHOYpanaTe Kasbiusa (*). OHako pe3yJIbTaTbI HCCeLO- 
3aHui Apyrux apropos (*) pacxoqaTca c JaHHbIMH Saxapuacena. B crpyKtypax 
t-LizUOa, B-Na2UO.4, K2U04, Rb2UO4 nu Cs2UO4 umn Haliqenbi TerparoHasbubie 
41M 1CeBoTeTparonasbuble cov (UO2)O2, aHalOrMuHble yKa3aHHbIM WIA CTPyK- 
ryp BaUOs (8) u B-UO2(OH): (°). Bo3MoxkHo, YTO TakOe PacxOx*eHHe CBA3AHO 
> HaIM4UHeM MOJMMOpHbIX MOAMPpuKauNH. B crpykTypaxX JuypaHaToB HaTpHA 
<anua u pyOuqua oOnapy2xKeubl (*) rekcaroHasbuble clon cocraBa UOs,s. 

Hamu meroyamu TepMuyecKoro WM peHTreHodas0B0ro aHaHs0B ObIIM HCCIe- 
{OBaHbI YCOBUA NOMyIeHUA M COCTAB YPaHaTOB IeIOUHBIX 3JIEMeHTOB, OOpa3syto- 
IMXCA Ip HarpeBaHuH Ha Boszyxe OKUCOB ypaHa (UOs nu UsOs) c Kap6ona- 
TaMH COOTBETCTBYIOULHX 3/IeMeHTOB. TepMHueCKH aHaJIH3 BbITIOHAJICA Ha MMpo- 
metpe IIK-52 c mpuMeHeHueM mpeccoBaHHEIx TaOJeTOK. 

IIpu uccieqoBaHuu peakilHH B3ANMOMeHCTBUA OKHCJIOB ypaHa C KapOonHaTa- 
MH lLe@JIOUHbIX 3J1€MCHTOB peareHTht OpasHcb B KOMMeCTBAX 
Bpacuere Ha MoslyyeHHe ypaHaTOB C pa3JIHYHbIM OTHOUICHHEM Me;0 nu UQs 
eGo te becolcton 2) 1 Spolec4, dis djl 26). 

YpaunaTh AuTuUsA. YCTaHOBJeHO cymectBopanne LisUOs, a-LizUOs, 
3-LizUO4, LizU207 u LizUsOt0. a-LizUO4 mepexoquT B 8-LizUOs B pesysbTaTe 
IJIMTeIbHOrO MpoKamuBanus (60 uac.) mp 1300°. B cayuae HarpepaHns LizUO4 
B Toke COz Juypanata JIMTHA He OOpasyeTcs. B-LizUO4 KPHCTaMMHSYETCA 
3 TeKCarOoHabHOlt CHHTOHHU, Kak u Mpeqmonarat 3axapuacen (°). Ocespre ma- 
pamerpb a = 3,96 kX, c= 16,55 kX, z= 2. LiaUOs kpuctamiusyeTca B poM- 
sUUeCKOM CHHTOHHH C OCeBbIMH MapaMeTpaMH @ = 10,97--0,01 kX, 6 =7,95kX, 
¢ = 4,98-40,01 kX, Ppenrr = 5,12, Pnaxn = 4,81, 2 = 4. patented lg te 
MMTHA TeTparoHasIbHOH CHHTOHHH C OCEBBIMH Eaeweeieer a = 5,620, , 
C= 12,28-+-0,02 kX, Opentr = 1402, PnuxH — 7,20, e=— 4. Fs 

YpauaTHh HatTpua. B pesyubtate sbi eat CS ReEaA 
yeTaHoBeHo oGpasosanue NasUOs, @- u B-MognduKattut Na2VO4, Nazlz0;. 
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HaTOM HaTpHA, He€3aBHCHMO OT COOT+| 


i ¢ Kap6o 
BsauMonelcTBHe OKHCJIOB ypaHa y c T com 
HOWICHHA peareHTOB, HavHHaeTCA OKOJO 500°. SxsorepMuyeckHh od H 


TepMOrpaMMax BO BCexX CJlyvasx COOTBETCTBY€T 06 pa808 a ee ] 
pus. Hanpumep, Ha KPHBOH HarpeBaHHA CMeCH C OTHO eo a (E30 S40 
= 1:1 (pune. 1) HaOmogatoTca [Ba addbeKTa: 9KZOTEPMH4 ro co) 
gqbeKT B3aHMOJeHCTBHA KOMMOHCHTOB, H SHMOTepMH4eECKH Oe pea i 
ReuaIOLMM WwiaBsIeHHIO KapOoHaTa HaTpHA, HC ycneBulero BO p - a | 

UtToObl HCCeEMOBaTh asbHehWIMH XOM peakUHH, eter nop’ 
cMecH IIpOKavIMBasIMCb JO MOcTOAHHOTO BeCa MPH 600—65 be i hie mi 
remnepatTypax. B pesysbTaTe HHAMUMpOBaHNA peep ates p 7 ei 
KaJIUBaHHA OblWwIO YCTaHOBJeHO, YTO pH TeMIepaType auyp : ps HT 
pya ¢ H3ObITKOM KapOoHaTa HaTpHs, lipeBpalllaeTca B 4-MOHOY paHaT Harp i 
Sra peakUuA MpoTeKaeT MEJVIEHHO, NOSTOMY COOTBeTCTByIOULero eH ScekTa H { 


TepMOrpaMMe He HaOslrojaeTca. 


re o 9 
ere Do 
tG gs 88 
L0 
8 
> 
§ fol 


Gaems 6 mut. Goema 6 mun. 
Puce. 1. Kpwpaax HarpeBaHHA CMeCH Puc. 2. Kpupaad HarpepaHuA MOHOypaHata: 
NaeCOs u UOs (1: 1) HaTp HA 


Kpupas narpepanna &-MOHOypaHatTa HaTpua (pHc. 2) MoKa3aJia, YTO MpH TeM- 
nepatype 900—925° (aHqoTepmu4uecKHH StpceKT) OH NepexoyuT B B-MoqHHKAa-| 
lv10 MOHOypaHata HaTpua. I]pu Harpepanun Na2UOs B Toxe COs (4 uaca, 1000°)) 
oOpasyetca JHypanaT HaTpuA. 

B pesyibTaTe mpokasuBaHua pH 1000° cmeceli NazCOs u UOs c oTHomeHuem 
NaO : UOs = 2:14 3:1 nonyyeH ypanat coctapa NasUOs. Ero o6pa3osBa-| 
HHe NpOxXOHT yepes cTaquH Zu- Hu MOHOypaHaTOB. NasaUOs xpuctTanausyercs| 
B POMOHYECKOH CHHTOHHH C OCeBBIMH TlapaMeTpamH: a = 10,91+0,02 kX, b=: 
=5,71 kX, c=5,02+0,01 KX, ppenrr=5,07; Pouxn =4,71, 2'= 2) Tipa HCCJIeOBa- | 
HHH MpOAYKTOB NPOKaJIMBaHHA OCTaJIbHbIX cMeceli (1 : 2,1: 37.2.) HaMH OBIT 
OTMEYCHO OOpas0BaHHe TOJIbKO AHypanaTa HaTpHA. 

Ypauath kKaaua. pn uccneqopaHnu NpoxyKTOB B3aHMOJeHCTBUA 
OKHCJIOB ypaHa C KapOOHaTOM KaJIHA ObIO OOHapyXKeHO, YTO BHaYae, Hesa- 
BHCHMO OT COOTHOUICHHIi HCXOJHbIX PCaFeHTOB, AHAJIOTHYHO H3J1IO%KCHHOMY BBI- 
me, oOOpasyetcs JHypahaT KaJIMA, KOTOPbIii 3aTeM, B 3ABHCHMOCTH OT TOFO, Ha- 
XOJHTCA JIM B H3ObITKe KapOOHAT KaJINA WIM OKHCE ypaHa, MepexosHT B OpTO-, 
MOHO- HJIH TpHypanaT Kanna. Ilpn B3anmogelicrBun KeUsOi10 un UsOs, B3aTbix 
B COOTBETCTBYIOM[MX OTHOWECHHAX, NOYYeHbI TeTpa- H TeKcaypanarol. 

Takum o6pasom, mpH peakuMax B TBeEpnol case lo6pasyrotca KaUOs, 
K2UO4, K2U20,, KeUsO10, KeUsO1s u KoU6Ois. KaUOs KPHCTaIIH3YyeTCH 
B PpoMOwYeCKOli CHHTOHHN C OCeBLIMH NapaMerpamu a=12,92 kX, b=3,49 kX, 
c = 8,57 kX, Ppentr = 4,19, Pnuxn = 4,10, Zi 2 

Ypanath pyOuxzuns. Yeranopneno o6pasopanne RbsUOs, Rb,UOs, 
Rb2U20,, RbsUsOi3, RbsUeOis. Tax Ke KaK MB Mpempiqyuux caryyanx, o6- 
Pa3s0BaHve MOHOypaHaTa u ComH cocTaBa RbaUOs; MIpOxXOAMT yepes cTalnHio Au- 
ypanata. RbsUOs KPHCTaJIM3yeTCA B TETParOHaJIbHOH CHHTOHHH C OCeBbIMH Ma- 
amerpawn: @ = 8,16 kX, = 13,7 kX, Poe 6,00, Pama = 5,51, 2 = 4. 


YpauwaTu ne3ua. IIpu B3aumopeticrauu CseCOs c okucnamn ypaHa 
 Honyyawrca ypanatbl cieqyomero coctapa: CseUO,, Cs2U20,, CseUsOi0, 
@ Cs2UsO13, Cs2UcOis. OSpasoBanne CUO taroKe MpOXOMHT yepes cTaquto Ju- 
(| ypanata. ConoctaBjenue 2aHHbIx o coctape YPaHaTOB pa3JIHMUHbIX LLeOUHBIX 
} SIEMEHTOB MOKA3bIBaeT, YTO HaHOouee COMKHbIE NOMMYpaHaTHl (TeTpa- u TreKca- 
ypaHaTb!) OOpasy!oTcs TOMbKO C MLeOUHBIMH MeTaJIJIaMH, OOsalatouliMu HaH- 
© Oombuiumu pajuycamu (K, Rb, Cs). B 3Tom calyyae Oarojapsa Maslomy nomsA- 
| PH3YIOUeMY JeHCTBYIO KATHOHOB 2TH OOBEMHCTHIC AHHOHDI ycTouunshi. 

| -Miwetouyveca B autepatype (!) yxasanua o NOBeCHHH ypaHaTOB B yCNOBHAX 
@ BRICOKHX TEMII€paTyp He JaloT NONHOrO NpescTaBeHuA O TepMuyecKoli ycrorun- 


Hamn 6bim0 mpoBeyeno ucceqoBpanue TEPMHYCCKOH yCTOHYHBOCTH MoyUeH- 
| HbIX ypaHaTos. Hapecku MoHoypanaTos, JOBeLeHHEIe JO NOCTOAHHOFO Beca pH 
| 600°, HarpeBanucb B MVaTHHOBOL moMoUKe B TOKE BO3qyxa m0 6 vac. mp Tem- 
) nepatype 700—1100°c nuteppanamn yepes 100°. Ilonyuennpie pesybTatel mpu- 
) Befenbl B Ta6n. 1. IIpogyKtsl npoKanwpaHua uccneqoBamuch MeTOIOM peutre- 
( Hopa3oBporo aHau3a. 


TaOmuna i 


IlpokaqHBanve HOpMaJbHEIX ypaHaTOB IeJIOUHbIX 9/1eMeHTOB. 
T]poqosukHTeAbHOCTb NpoKaHBaHUA pA KarxKJO! Temilepatype 6 uac. 


Otuomenue Me,O:UO, B npogyKTax npoKauBaHHA 


see, 
Li,UO,| Na.UO, | . K,uO, | RbUO, | CsU0, 
700 | 4:4 | 4:4 4:4, 005 4:1,005 1:1, 013 
800 | 41: | 4:1,04 1:1,018 4:1,022 41,12 
900 | 4:4 | 4:4,014 | 4:4,023 1:4°06 1:1 62 
1000 | 4:4 | 1:4,02 1:4,036 4:4,28 1:2°47 
4100 AeA 434-05 | LAO G EO dese 12; 


_ Monoypanat autTua Tepmnuecku ycToiumB, He pasuaraeTca pu HarpeBannn 
'B Teyenne 60 yac. npu 1300°. B otmnune ot LigUOsa, ypanathi HatTpua, Kaus u 
pyOugusa npn temnepatypax 1200—1300° pacnayatorca c oOpa30BaHHeM Ju- 
-ypanatos. Ilomupiii nepexon NazUO4 B Na2U20, na6mogancs B pesybtate m1po- 
'KanuBanua npn 1300° B reyvenne 74 uac.; K2UO« mp 1200° 60 yac.; Rb2UO« 
‘mpu 1200° 12 uac. CseUO« pacnagaetca npu mpokanuBaHun mpu 1200° 8B Te- 
ueHne 6 ac. a 
Takum o6pasom, mpu nepexoge ot LizUOs k CseUOa yCTOHYHBOCTE MOHOypa- 
“HaTOB YMeHbIUaeTCH, YTO HAXOJHTCA B COOTBETCTBHH C yBeH4eHHEM jeopmnu- 
PY€MOCTH KaTHOHOB B STOM Psy H JeTyYeCTH OKHCJOB i ). 
| JluypanaTbl HaTpuA HW KaslHA NpH 1300° BnomHe ycToHuHBbl; JHypanat Py- 
6nqus, npoKanennpii mpu 1200°s Teyvenne 30 yaC., H3Me€HA€T CBOIO CTPyKTypy, 
UTO CBHCTEICTBYET HIM O MOABJICHHH HOBO MOLMPuKAalH WIM YaCTHYHOM pac- 
Taye (UBeT ypaHaTa ocTaeTca opaH2KeBbIM). PasmoxeHue Auypanata we3usA 
Ha6mofanocb mpu 1200°. Metra 
Tepmuyecku pacnaq TpuypaHaTa KasA MpOHCxXOANT ae — : 
MW COMPOBOKMaeTCA HSMCHEHHEM IBeTa H3 OPAaH2KeBOrO B YEPHBIH. 11PH STOM OO- 


pasyrotca K,U,0, u U;0g no peakuuu: 
3K,UsO019 = 3K2U207 + U20s + 0,50 


WH MpOLYKTOB MpOKaJIMBaHHH, a TaKexKe B Ciyuae 


Ilpu megsieHHOM OXxJIa2KJ/eHH emnepatype 800—900° nporeKaer o6patuas 


HarpeBaHuny UX Ha BO3]yXe IIpu T : 

Beexnan uW CHOBAa o6pa3yeTca OPpaH2KeBO-KPpaCHbli APH Eee KaJluA. 
M3 nomyyeHHbix HaMH nOJIHy paHaTOB pyOuyqua TeTpaypaHaT ABJIAeTCA 
Hanobouee yCTOHUHBBIM coeqHHeHHeM — OH He pa3JlaraeTcr B c1yuae Har peBaHHun 
fb 1059. 


mpu 1200° B Teuenne 30 vac. TexcaypanaT pyOuqua paciiaqaerca mpu 900° | 


c o6pa30BaHHeM 3aKHCH-OKHCH ypaHa. 

B cayuae HarpeBaHHA MOHO-, QH-, Tpu- HW TeTpaypaHaTOB We3suA IIpH 1200° | 
B Treyenne 6 uac., a TakwKe rekcaypanata wesna mpu 1000° (6 uac.) HaOmogaercs | 
H3MeCHeHHE WBeTa H3 OPaHKeBOrO B YepHbIi. PentrenoasoBbLlH aHaJH3 MpOyk- } 
TOB IIpOKaIMBaHHA MOKa3al HaIMYHe B HAX OMHOM u TOM 2%e Casbl C Comepxa- } 
uuem ypaHa 68,7%. B npoyxyKTe npokaMBaHuda TeKcaypaHaTa We3HA, KPOMe | 


STOH (a3bl, MPHCyTCTBOBaJIa elke 3aKHCb-OKHCb ypaHa. 
TakuM oOpa30M, reKcaypaHaTbl UWLeIOUHbIX IJIEMCHTOB MeHee YCTOHUMBHI, |) 


yeM J[pyrve MoOMypaHarul. 


Mockonckni rocyapcTBeHHbIlt YyHHBepCHTeT Ilocrynuao 
6 XI 1958 


um. M. B. JlomMoHocospa 
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Aornayn Axkagemun Hayk CCCP 
1959. Tom 124, M5 


XHMHA 


Akayemuk M. H. KABAUHHK, T. A. MACTPIOKOBA, 

A. 9. WHITMIOB u T. A. MEJIEHTbEBA 
/TIPHMEHEHHE YPABHEHHA FAMMETTA B TEOPHH TAYTOMEPHOTO 
PABHOBECHA 


THOH-THOJIBHAA TAYTOMEPHA THO®OCHOPHbIX COEXHHEHHH 


Kak ObIIo MoKa3aHo panee (1), B TeopuH TayToMepHoro paBHoBecHa dyHja- 
| MEHTaJIbHOe 3HaveHHe MMeeT CBA3b KOHCTaHTbl PpaBHOBeCHA HM KOHCTaHT HOHH- 
‘3aunuH dopm: Kis = Kis /Kos, WK, upH BBe,eHHH 

| KOSPPHUNEHTOB AKTHBHOCTH, OTHECeHHBIX K eMHOLi craH-~ | 2 

) AapTHoH cpeye: Krs =(Ki/Ke)(fis/fes). Ha stot 4! 

} OCHOBe K TayTOMepHOMY paBHOBecHIO ObIJIa NpHMeHeHa 
) Teopua Bpencteja — Hamatinosa (?) KucJIOTHO-OCHOBHO- 
TO NPOTOJIMTHYeCKOTO PpaBHOBeCHA B paCTBOpax HU, Ta- 1 \ja 

| KUM O6pasom, lpefvioxweHa KOJIMYeCTBeHHaA HHTepmpe- roe 2 
| Talla WOHHOH TeopHH TayToMepuu. JIByMa u3 Hac Hu a) 

_C. T. Uodde Ono moKa3saHo, uTo K TuOocop- 26 —~> 
OpraHHecKHM KHCJIOTaM TIpHMeHHMO ypaBHeHHe Bpeu- 
cTefa. ITO JasO BO3MOXKHOCTH OMpeeMTh MOO*KeHve 
TayTOMepHOro paBHOBeCHA JMaJKWILUTHOPOCHPOpHEIX (*) 
wu (copmectHo cH. WM. Kypouxuupm, E. M. Ilonoppm au H. II. Poguonosoit) 
AJIKHJITHOA KH IPOCPHHOBbIX (*) KHCJIOT: 


S SH 

RO S RO SH y 

| Nee EN R—Y—on a papeG 
A Oe oN << << 

| RO OO ee OC OR OR 

(I) (11) (I’) (II’) 


IIpu 3TOM OCHOBHOe BHUMaHHe YJeJIAJIOCb BJIMAHMIO Cpejbl Ha MOJIOxKeHHe paB- 
HoBecua. Uto Ke KacaeTCA BJIMAHUA CiPOeHHA TAyYTOMePHBIX (hOpM, TO OHO 
YUNTHIBAJIOCh JIM KaveCTBEHHO Ha OCHOBE IWIMPOKO H3BeCTHBIX B OpraHHyecKoli 
XHMHM KaueCTBeHHbIX 3aKOHOMepHocTel. 

TIpeqcraBaoch BaxkKHbIM CJeJaTh CuleRYIOU\MH War H yCTaHOBHTb TpHHUMMbI 
KOJIMYECTBEHHOM CBASH CTPOCHHA TayTOMEPHBIX KUCJIOT © NMOJOXKeHHEM PaBHO- 
pecua. [lockospkKy KOHCTaHTa TayTOMepHOrO paBHOBeCHA xABJIAeTCH PyHKIMeli 
KUCJIOTHBIX CBOHCTB YUAaCTBYIOINX B PaBHOBeCHH (POpM, NOABJAeTCH BO3MO2K- 
HOCTb HCHOJIb30BaTb W3BeECTHbIe KOJIMYCCTBEHHbI€E 3aKOHOMEPHOCTH, CBsA3bIBaIO- 
Ive CTpoeHve OpraHWuecKUX KHCJIOT C HX KOHCTaHTAaMH Sieur Ueto poyia 
3aKOHOMEPHOCTb JlaeTCH M3BeCTHBIM MpaBHsiom Tammerta (*) log (K / K°) = 6s. 
YpapHenve TamMMertTa NpHMeHHMO K pasHooOpa3HbIM apoMaTHYecKkHM gooey: 
uuam. Hezapio ojMH u3 Hac MOKa3aJI, YTO OHO IIpHMeHHMO (B Bue pK = pk®* — 
—pXc) Take Kk coctbopopraHHyeckuM KHCJOTaM = THMa RR’P(O)OH ua 
RR’P (S) OH (R u R’ — Boxopog, THApoKcH, SECO SCLE apOKCH JI rate pa3Ho- 
oOpa3Hble *KUpHble WIM apoMaTHueckHe payukast) (*). B 3sTOM culy¥ae posb 
MpOBOAAIMel CHCTeMbI (BMeCTO apoMaTHYeCcKOrO KOJIbIla) HrpaeT tpocdopusibHas 

bHad rpymma. 
ee cea pce OCHOBaHHA eae tt ypaBHeHuve inner 
TIpH W3y4eHHA TayTOMepHH THOPOCHPOPHLIX COCAMHEHHH. 1'PH STOM MOMKHO ae 


hie 
~ 


Pue. f 


movlaraTb, YTO paspaOoTaHHble MeTOJbI UCCJIeqoBaHHA HU yCTaHOBJIGHHble Ha 
mpumepe THoocdopHbIx CoeMHHeHHM] 3AKOHOMePHOCTH OKa?KyTCH OOIMMH 4, 
CjleMOBATeJILHO, CMOryT B JlaJIbHeHIeM ObITb HCMOJIb3OBaHbI ia W3y4eHHA 
JIpyruxX BUOB TayTOMepHH. 

IIpu npuMeHenuu mpapuia TamMMeTTa K KOHCTaHTaM VOHH3allMU JBYX TayTO=- 
MePHbIX (POpM HeOOXOJMMO HaMucaTb [Ba JIMHeCHHbIX YpaBHeHHA: 


pK, = pKi— pide, (a) pK. = pK2—p2ke (6), (1) 


OTMMYAIOMMXCA JIMWb 3sHaveHuaMH Mapametpos pK° u p (p, Ala PopMbl (1) u 
02 qvist (opmpr (II)). Ppaduyecku B KOopquHaTax pK wu Xo OHM BbIpakaloTca 
B OOWeM cuyyae ABYMA Tepeceka- 

z JOUMMMHCA MpsambimMu (pHe. 1). Tak Kak 
pKr=pKi—pKe2, TO KOHCTaHTa TayTO- 
MepHoro paBHOBecHa Ha 3TOM rpacpuke 
XapakTepH3yeTca Jd Kaxkjoro Bellle- 
G cTBa (Kaxkoro 3HaueHia Lc) OTpe3KOM 
80% cnupm opquHaTH! b, 3aKJIOUCHHbIM MexK]y JBy- 
Ma Tipambimi. Touka mepeceyeHua mps- 
4 MBIX (6=0) orpeuaet Kr =1. OOsnactb 

4 clepa OT 3STOH TOUKH COOTBeETCTBYeT 
CMeLIeHHIO TayTOMepHOrO PaBHOBeCHA B 
cTopoHy dopmpi (1); oOs1acTb cipaBa — 

< B CTOpoHY cboppr (II). 

3 OKCHEPHMeHTAaJIbHO, OHAKO, H3Mepa- 
IOTCA He KOHCTAHTbI HOHH3ALHH OTIeVIb- 

HbIX (POpM, a HekOTOpble sippeKTHBHbIe 
KOHCTaHTHI Kg, CBA3AHHbIC C KOHCTAH- 

2 TaMH WOHH3aILHH (POpM COOTHOLMMIeHHeM (’) 


Ko K, Ke [(Ki + Ka). (2) 


a 2 Sy ? IIpH. stom, ecau K,S>K,, To Ka=Kzg, 
s6-——- M, HaoGopoTt, ecmH K, < Ke, TO 

Ki = K,. Eco noyctaputb K, u Ka, 

Puc, 2 B3ATbIe H3 (opmy (la) u (16), B co- 


oTHoWeHHe (2), TO JerKO BbIBeCTH 
3aBMcHMocTb K,q OT MNapamMeTpop ypaBHeHua Tammerta: 


he Ko. 4Q(erte2) Uo 


Kee eee 
" K9.40%9 4. Ko. 49P29 


(3) 


T'papuyeckw B KoopquHatax pK u Zo 37a 3aBHcHMocTS BbIpaxkaeTCA KPHBOM 

pKa = (2c), acumnrotuyecku mpuOmmxatoulelica kK NBYM JiexKaulHM BBILIe 

ay4am mpsmpix Ju IJ (puc. 1). Sra Kpupas mpoxoguT Blue TOUKH mepeceye- 

HWA ABYX MPAMbIX Ha PaCCTOAHHH (MO OpyuHaTe), paBHom log2 *, 

= aes MpOsorapHpMHpoBaTb ypaBHeHHe (2), MOxKHO NomyunTs pKa = pK; — 
0g Ks/(Ki+ Ke), # orcioqa pKa— pK, = log(Kr + 1) = a; oKonuatespno 


Kr = 107—1, (4) 

T LESS 
We @ — OTKJOHeHHE (10 opquHaTe) SKCIEPHMCHTaJIbHOH KpHBol OT ee ACHMMTOTHI 
> 


copnaqaiomeli c mpamoH pK, = pK° 
u 1= pKi— pds. Orcioga pspirexaer 9K - 
TaJIbHbIM MeTOA KOJMUYCCTBEHHOTO pelleHHa saqauu. Seagal 


* AHajorHuHOe ypaBHeHHe BEIBeIH He 
AaBuo JIKabdbe u LF 
Kora KY = Kg, umenno, ana TayTOMepHH a ‘ 
= Ko (10°19. 40°?) 7 (10%9 ate 10s) 
4062 


: pAHep (°) quia yacTHoro cayyaa, 
COvJIeK 3€AMeILeHHBIX  a300eCH300B: K,= 
» OMHAKO OHH He aJlH pellenua 3aqaun. 


 -TayTOMepHoe PpaBHOB y 
Be sacar Ec 2Ke 3KCMepHMeHTaJIbHBIC jlaHHBIe ~MPHBOAAT K KPHBOH, JIMLUIb 


‘HAeTCA OT Hee, TO jeJla 


VismepsioTca TeM WIM HHbIM cnoco6om 9ippeKTHBHble KOHCTaHTHI HOHMSAM 
"AYTOMEPHBIX CMeceli pxya OMHOTHMHEIX BeleCTB, OTMIMUAIOMMxXCA mIpupofon 
samecTuTeJel (B cy4ae THOtbochopopranHMueckux KucHOT—R u R’). Ilo nosy- 
1eHHBIM JaHHBIM CTPOHTCA rpapuk pK =¢(Xc). Ecnu npw 9Tom novysaeTcr 
IMHeliHad 3aBHCHMOCTb, TO JeJlaeTCH BbIBOA, TO [JIA BCeX H3YUCHHBIX BeLLeCTB 
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T. na, 103—104 


82,5—84 


4 
HTbl PHAPOMH3a COMM 3aTPYAHEH HEAOCTOBePHOCTHIO BeHUMHBI Ky Asin 80% coup- 


H. H. Pogosuxorpim u E, H, Togpinoh. 


,5—70 
T. na. 76—77,5 


402—102,5 


nut. 144—145 
a 


5—109,5 


406—107 
89—90 
88—89 

“ 

STaktolens 


ie 


108, 


T. na. 86—87 
T. na. 156 c pa3a. 


.-C,H, 


C4H, 
H 


“30-C,H, 


Cy 
acTBopa TPHSTHJIAMMOH HeBO 


®* Pacuet pK H3 KOHCT 


BTOp 
omb, 2 U3MepeHHA HETOUHDI BCEACTBH 
ta. ° BeujecTBa mo6e3HO mpesOcTaBsJenbl 


u30-C,H,O 
v30- 


C,H,O 
n-CIC,H,4 
u30-C,H,O 
G,H,O 
C,H.0 
C,H,O 


C,H,O * 
CH,O + 
C,Ho 


-G,H,'arpet 


9 


H,O 
Hp 
pie 


n-CIC.Hy 
C,H 


0 


H, 
“CH, 


C,H,O 
CH,O 
C,H,O 
u30-C, 
130-C,H,O 
C;H,O 
C,H 
Che 

‘els 
CH, 
CH, 

Hy 

3 

4 

2 

3 
C,H» 

H30 
u30-C,H, 
BTOP 
TpeT 
1 HarpHespaa c 

4 UsMepsi0cb p 


R Be Da KAT. ae | MM 


neseHHA + 


1 
2 
3 
4 
5 
6 
7 
8 
Q 
) 
44 
13 
44 | 
20 
24 
22 
23 
24 
25 


‘u ‘UU NON 
ecue CMelILeHO TipaKTHuecKH MOJIHOCTbIO B CTOPOHY OHO 


‘olla BeTBb KOTOpOM yoBseTBOpACT nuHeliHoH 3aBHCHMOCTH, a ApyraA OTKJO- 
IOTCA BEIBOJbI O CMeLILeHHH paBHOBecHA B CTOPOHY OfHOH 
V3 (OPM JIA BeLLeCTB, OTBeAaIOWUX JIMHeHHOMY yuacTKy KpHBoH, H O NOABJeHHH 


B paBHOBecHH BTOpOH (popMpl Ha ydacTKe oTKIOHeHHH. OTpesKH @ OpfMHAaT, 


it KPHBOH H TIpaAMoH, MOJIyYeHHOH 9KCTpa- 
je Mexkyy skcne UMeHTaJIbBHOK 
ee ae, i 1OT BeMHYMHY KOHCTAHTbI TayTOMep- 


Vi % KTepH3y 
aumel jmHeHoro yuacTKa, xapa 
es panonecns no y popmyzre (4). IIpupeyem 3KCIepHMeHTaJIbHbIe = {aHHbIe, 


wuecKHX coeMHeHHH. 

Honvuenubie Asia THocpocopopraH 
B ra6m “a IpHBe eHub! acppeK THBHBIC KOHCTaHTb! MOHHK3allMv (pKa) paqa 
4 OHZRR’P (O) SH, otsMualolluxca rpylmnupos- 
TayTOMePHBIX KUCJIOT RR’P (S) OH <— , upor 
Pawn Ru R’ M, CoOTBeETCTBEHHO, penwunHamMu Lo, pacCdHTaHHBIMH 0 (Sse). 

? 
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OnpenesieHHaA MpOBeJeHbI MeTOJOM NOTeEHIMOMeTpHyeCcKOrO HSMepeHHA pH wacTHY- 
HO HeiiTpaJIM3O0BaHHBIX pacTBopoB B 7 u 80% cmupTe (pH-merp JES; 1OcTH- 
popka 10 OudraatHomy Gydepy c pH 4,00; KonmenTpanus 5-103 mon/a 
remmepatypa 20°; MorpelliHocTb oMmpefeseHun + 0,05 pK). Kak BHHO usi 
puc. 2, B 80% cnupTe HaOmofjaeTcA XOpollad JIMHEMHaH 3aBMCHMOCTb Als 
roueK c Xo or —3 Jo —1. [na 7% crMpTa OTKJIOHCHHA OT JIMHCHHOH 3aBi~) 
CHMOCTH HaUHHaIOTCH Mp MeHbUIHX 3HaueHHAX Lo, TaK UYTO IIA HaerKHOH 
JIMHEHHOH SKCTPANOJAUMH OKAasaJIOCb WeJeCOOOpasHbIM UCHONbSOBATb JIMIIb TOUKHI 
c Ls or —3 yo —2. Ilo nonyyeHHbIM JaHHbIM HaHJCHbI MapaMeTpb! MpAMBIX} 


pK, = pKi—p,Ze, XapakTepv3yioulux KOHCTaHTbI HOHH3alMH THOHHDIX (pop! 
B 7 wu 80% cnupte (cnoco6 HaMMeHbIUMx KBajpaToB (*°)). [lomydeHbi crlejty10-| 
me pesybTaT: B 7% cnupte pK; = 0,69—0,924%c mpu Kosdipuuneute} 
KoppesiaunnH 7 = 0,962; B 80% cnupte pKy= 2,00—1,329 Xo TIpH f = 0,998. | 
BpbmunCJIeHHbIe OTCIOJa 3HaYeHHA OTKJIOHCHHH @ OT JIMHeEMHOH 3aBHCHMOCTH ute} 
TOUCK, JIeKaUlNX Ha KPHBOJIMHEHHbIX Y4aCTKaX, HM COOTBETCTBYIOU\He HM Be-| 
maunnpl Kr (papupie 10¢ — 1) npupegenbi B Tabu. 1. | 

TlouyyeHHble 3HauUeHHA KOHCTaHT TayTOMepHOro} 
PaBHOBeCHA JLOJOKHbI B CBOIO OYepeb YAOBJIETBOPATb 
ypaBHenHio Tammertta: 


log Kr = log Kt +97 ¥c. (5)| 


Ha puc. 3 npupefenbt rpapuku 3apucumocty log Kr 
oT Lc, MOCTpoeHHbie MO WaHHbIM TaO. 1. KaK Bug-. 
HO, JIMHeHHad 3aBHcHMocTb TamMeTTa 3/[eCcb coOu0- 
yaetca joctaTouHo xopowo. PesymbTaTs! oOpa- 
6oTKH (Coco6 HaHMeHbIIMX KBafpaTOB) CJleqyIonMe: 
yaa 7% cnupta —pKr=0,74+ 1,172 Xo npu r=0,970 
u gua 80% cnupta —pKr = 0,85+2,139X6 npn 
r = 0,961. Hakoney, no momyyeHHbIm cbopMysiaM pac- 
CUHTAHbI MPOWeHTHbIe COepKaHHA THOJIbHEIX COpM - 
J\JId paCTBOpOB BCeEX H3YUeCHHBIX BelleCTB (CM. 
Ta6u. 1). PayoM npuBeyeHbl WvId CpaBHeHua pe3yJIb- 
TaTbl, MOydeHHbIe Hamu paHee (°,*) ApyrHM MeTOJOM *. 

TakHM O6pa30M, Ha OCHOBAHHM OTKJOHeHHH OT JMHeliHOl saBucuMocTu Tam- 
MeTTa pKa TayTOMepHBIX KHCJIOT OT o (HH Lc) MOXKHO aTb KOJMUeCTBEHHDIA 
aHaJIM3 TayTOMepHOrO paBHOBecHs. 


MuctutTy? 9emMeHToopraHuueckHx coeqHHeHHli Tloerynuso 
Axayemun HayK CCCP 26 I 1959 


IWHMTHPOBAHHAA JINTEPATYPA 


1M. HW. Ka6aunux, JAH, 83, 407, 859 (1952); Yen. xum., 25, 137 (1956). 
2 J. N. Bronsted, Chem. Rev., 5, 291 (4928); J. Phys. Chem., A 169, 32 (1934); 
H. A. Usmaiiaon, K®X, 23, 639, 643 (1949); 24, 321 (1950), *M. HW. Ka6auunk, 
C. T. Hope, T. A. Mactpwxosa, )KOX, 25, 684 (1955). 4M. H. Ka6OauHuk, 
H. MW. Kypouxun, T. A. Mactpwxkosa, C. T. Hodde, E. M. Tonos, H.T1. Po- 
AuoHnoBa, JIAH, 104, 861 (1955). > L. P. Hammett, Physical Organic Chemistry, 
N. Y., 1940. ®@ M. HW. KaOaunux, JAH, 110, 393 (1956). 7M. HW. Ka6auunk, 
HAH, 83, 859 (4952). ® H. H. Jaffé, R. W. Gardner, J. Am. Chem. Soc., 80, 319 
(1953) yiu* Ta AMM acnpiox oBay lca: Meaeutbesa, A. 9. Ilunos, M. WH. Kae 
CaunHuk, )KOX, 29 (1959) (B meyvarn). 1 H. H. Jaffé, Chem. Rev., 53, 253 (1953). 


* OTH JlaHHble Obi MOuyYeHbI HAMM Ha OCHOBaHHH NpeAcTaBJieHuA O CTporomM co6vmoje- 
HHH ypabnenua Bpenctega Aa cocdopopranwyeckux KUHCsOT. Ilpu usyyenuu Oombmioro ywucaa@ 
BemlecTB Mbl HallvIH, 4TO yrO HaKJOHa MIpsMBIX pKis = «pK,5 + const He papen 45°, 
Tlostomy B HacTosmee BpeMA 9TH RANHBIe HeCKOMDKO H3MeHATCA, 
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XHMH ff 


Axayemuk H. JI. KHYHAHL, B. JI. JATKYH u JL. C. PEPMAH 


-EAKIULMH PEKCA®TOPBYTAJMEHA-1,3 CO CIMPTAMH HW AMAHAMK 


Peakl(HonHad cmocoOxocTb 1,3-queHoB mepdropyrsepogxHoro paqa mourn 
(e usy4eHa. M3pecTHbI Mlb HeEKOTOpbIe paluKasbHble peakluu reKcadropoy- 
‘amuena-1,3, B KOTOpbIX MpomBAAeTcA odpeKT conpsxKeHUA JBOLHBIX CBHA3El. 
-aK, Mpu ero raouqupoBanun oOpasyerca cmecb 1,2 u 1,4-quranorenuszos () 


CF, = CP = Ch = CP, —*— CP,X —CF SCF — CF;X 4. CF,X CPX — CF = CF, 


| pH HarpeBaHHHn HaOMIOAaeTCA BHYTPHMOJEKYIAPHAA IWUKJIN3AaIlMA eo B reK- 
sapTopuuKio0bytTen (?, *): 
Ch Ch, Ca Cr 


a Il | 


| 
CF = CF, CF — CF, 


Peak C HYKJICO@HJIbHBIMH PeareHTaMH, CTOJIb XapaKTepHble Win c—propomedu- 
10B, COBeEPUICHHO He HCCJIEMOBAIHCh JIA nepdrop6ytaqueHa. Mexny Tem, 
IMCHHO 3TH PeaKUMH UpeACTaBAIOT HAHOOJIbIIMH MHTepec WIA BbIACHeHHA TIpH- 
IOJLI COMPAXRKCHHA CBAZeH B MepPTOPHPOBaHHBIX AHeHAX, MOCKOMbKY 3]eCb, B 
ITMMANE OT JLHCHOBHIX YIVIEBOAOPONOB, AOUKHA MPOHCXOANTb Nepesaya mo WenH 
SONPAXKCHHA HE MOJORKUTEMbHOrO, a OTPHIlaTebHOrO 3apsAya: 

OR urge ar AN os 2 

A 


+ CF,==CF—-CF=CF, —> A—CF,—CF—=CF—CF, 

B pesybratTe B3anMoyelcTBHA MepdpropOyTaquena C STHJIATOM HaTPHA B 9Ta- 
JOUIe HAMH ObIWIO MOJIyYeHO BeEUECTBO, KOTOPOe MPH NOMNbITKAaX BbIeIeHHA eFo: 
3 UMCTOM BHe OTIUeENIAIO PTOpHCTHI BOZOpoy c OOpasoBanuem 1,4-H9TOKCH- 
TeppropOytagquena -1,3: 

1. CzH,ONa 


Cee Gre s¢he er. > GH,Oe Ch = Ch Ch = CRE OG. 


pu o6padorke 1,4-qusToKcunepprop6yTaquena-1,3 KOHILCHTPHPOBaHHOH Cep- 
HOli KHCMOTOM Obl MOyYeH AusSTHOBbIN sup dropsTusen-1,2-7uKapOoHOBOK 
KUCJIOTbI, KOTOPbIM JeHCTBHeM YHApasHHrujpata OblI MpeBpalleH B 3-KapO- 


JTOKCHIIMPasOuIOH-5: 


; ; Rox 
C,HsO—CF=CF—CF=CF—OC)Hs AEC {(Cytg00C—CFH—CFH—COOGH,) 


== C,H,00C—CF=CH—COOGH, (CoHj0OC—E—CHs COOKE ae 
N 
nH, 
—> c,1,00C—C-— CH 
N, £=0 


H 
Takum o6pa30M, B MIpHCyTCTBHH aKOrossATAa nepropoytaquex pearupyert 
: JIBYMA MOsIeKy/1aMH CnMpTa, MpHtem HYKJeOPHJIbHOW aTake MOABepraroTca KOH- 


JeBbie aTOMbI yrvieposa. 
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Tlpu Harpepanun nepdropOyTagueHa CO CIUPTOM B IIpHCyTCTBHH TPH3TH 
aMHHa MPOHCXOLMT MpHcoeqMHeHHe OAHOH MOJIEKYJIbI CIMpTa. PesysbTari 
NpeUBapHTEIbHOTO UCCIeLOBAaHUA MpOAyKTOB peaKIlMH (aHHble W.-K. CMeKTP 
wu sepHOrO MarHUTHOrO pe3s0HaHCca Fl) yxaspipaioT Ha 1,4-mpucoeyquHeHn 


CF, = CF — CF = CF, RAGS _. Ro — CF, — CF {CF — CF2H 
R=CHs; CeHs. 


Tlep@rop6yTaqueH B MATKUX YCIOBHAX B3aHMOJeHCTBYeT CO BTOPHUHBIMH H Met 
BHYHBIMA alndaTHyeCKHMH aMHHaMH. PeakllHa C AM9THaMHHOM IIPHBOMY 
K OOpasoBaHHIO HeyCTOHYHBOTO 1-u9THIaMuHOnephrop6ytaquena- 1,3: 


CF, = CF — CF = CF, <2)". cr, = CF — CF = CF —N (GH), 


KOTOpbIM JerKo ruApoMsyerca, MaBad AM3TUMAMUA a-TrHAponepTopBUHHJyKCyG 
4yOH KHCJIOTBI: | 


H,0 * 
CF, = CF — CF = CF —N (GHs)p——> CF 2 =CF — CFH — CON (G:Hs)s. 


Auanoru4Ho pearupyer mepdropOyTaqueH c MHNepHAHHOM: 
C,H,,.NH 


H,0 
CF >= CF — CF =CF, 2I{CE, =Cr cr = CF — NG Hal == 
— CF, = CF —6FH — CONGH,: 


B pesybTatTe B3avMoyehcTBHuA NepTopOyTaqHeHa C STH/IAMHHOM H FuApou Ast 
MIpOAyKTOB peaKUHH ObWIM NOYYeHbI STHIAMAY o-THAporeppTo pBHHHJYy KCYCHO} 
KHCIOTHI wu Onc-39THIaMHy dTopsTHIeH-1,2-"HKapOOHOBOH KHCJIOTHI: 


CF,=CF—CF=CF, 


ICH Nt, 
§C,H,NH—CF=CF—CF=C F—NHC,H,] (CF,=C F—CF=CF—NHC Hg) 
[110 |r20 
C)HjNH COC F==CH—CONHC3H, CF,=CF—CFH—CONHC>H,; 


B 9Tom calyyae, Kak HB Cly4ae CAO*RHOrO XAbupa, OOpasyroulnlica Ouc-sTHIAaMH 


CHMM.-2HPTOPAHTaPHOH KHCNOTbI TepAeT TOMbKO OAHY MOMeKysy cTopucTor 


BONopola HW AaeT COOTBeTCTBYyIOUee MpOHsBOLHOe SropsTHueHu- | ,2-7uKAapOOHOBO 
KHCJIOTHI. 


OIKCNeEPHMECHTANbHAA WACTh 


14qua9TOKCHNephropOytagzuenl,3.B pacTBOp STHJIaTa Ha’ 
PHA B STHJIOBOM CIMpTe, NPHrOTOBMeHHbI u3 4,8 r (0,21 r-aT.) narpua u 200 M 
a0c. STaHO/Ia, IPH MepeMelIMBaHHH MH OXsa2%KNCHHH JIbYOM, MOcTeneHHO BBeMI 
21 r (0,13 Mon.) rexcabrop6yrannena-1,3. CiycTa CyTKH CMeCb BbIIMJIH B pa 
OaBeHHy10 COMAHYIO KUCIOTY, MACHO OTICHIM, IPOMbIM BOOM u BBICYIUAI 
XJIOPHCTBIM KaJibltveM. IIpH sToM OblWIO OTMeYeHO pa3sOKeHHe C BbIMeTeHHe 
¢Topuctoro Bogoposa. Ieperonxa nana 18,9 r pemectBa c T. Kun. 45—-83°/17 mn 
K sTOMy BelllecTBy QOOaBHIH HeCKObKO PpaMMoB MOPOWKOOOpasHOro CHJINK: 
reid. HaOmiozaioch pasorpepanne, CompoBoxaBlieeca HHTCHCHBHBIM BbIJeN 
HueM Propuctoro Bogopoga. Cmecb ocTaBusH Ha HOUb, 3aTeM H3BJIEKIM S*Ppupo} 
OKCTPakT MpoMbWIN BONO BBICYWIMIH Ha XJIOPHCTbIM KawIbllMem. Octarc 
pocu#e OTTOHKH Supa TeperHatu B Bakyyme. Ilonyyuau 11,6 r (41,8% TeOpH 


Pia "ne ToxcumtepanopOytaaeeHa: Ea T. Kun. 83—87°/17 mM. Tlosropxc 
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jeperonKoit NONYYMIH BeuecTBOCT. KH. 83—85°/17 mm, nj 1,3871, dz? 1,1883. 
IR HaleHo 42,44, Bruucneno gia CsF,H,O, 2F42,05. 


4 Hafigeno %: C 44,41; H 5,06. 

| CsFaHi0O2. Brruncneno %: C 44,86; H 4,71 

}.-K. CIEKTP: Vyaxe 1740 em} *, 

| Austunaopyi sup dbropatunen-l2tuxap6oHnoBok 
“UCAOT BI. K pactBopy 9 r 1 ,4-qusToKcunepdtrop6ytaquena-1,3 B 20 ma 
ee rcroro MeTHJI€Ha MOCTeNeHHO, B TeyeHue 1,5—2 yac., qoOaBuH OKOO 
0 MJI KOHIl. CepHOl KHCJOTbI. CMecb nepHoquyeckn BCTpaAxuBaN B TeYyeHHe 
/ECKOJIBKUX YaCOB, OCTABHJIM Ha HOUb, 3aTe€M TWLAaTeIbHO MPOMBbWIH BOOM M1 BBI- 
YWHIM Hal CyJIbpaToM MarHud. Xsopucrsii MerueH oTorHadH, OCTaTOK mepe- 
dau B Bakyyme. Ilonyunun 6,7 r (83,6% Teopuu) AusTuNoBoro abupa Propstu- 
eu-1,2-uxapOonoBoli KucaoTHI, Mepemegmmero npn 81—83°/3 mm. Sto coemu- 
(enHe oOlaqaeT MPHATHBIM HM B TO Ke BPeMA passparxkaloluM 3amaxoM, Ha- 
(OMHHAIOINMM 3aMaX AKSTHMOBOTO 2Pupa alleTHeHIuKapOOHOBOM KHCJOTHI. 
lopTopHoit MeperoHKOH MOVIN BeULECTBO, HMeBLUee CeELyIOILHe KOHCTAHTHI: 
kun. 74°/1,5 mm, 7% 1,4330, dj’ 1,1456. MR’ naiizeno’ 43,14, Bprancaeno 
1a CsFH,,O, F41,84. E MR = 1,3. , ; 


Halinqeno %: C 50,62; H 5,91; F 9,82. 
CgFHy104. Baruncneno %: C 50,52; H 5,83; F 9,99. 


_ 1l-mMetokcu-rugponepptrop6ytexu-2. Cmecb 16,2 r (0,1 moma) 
2KcadTopOytanuena-1,3, 6 Ma a6c. MeTHoBoro cnupta uv 0,8 Ma” TpusTHs- 
MuHa HarpeBasH qo 90 —100° B TeyeHue 4 4ac. B CTaJIbHOM Mpo6upKe em- 
ocTh1io 75 mua. Ilo oxmaxeHHH CMeCb pa3JIOXKHIN pas6aBJIeHHOH COJIAHOM KUC- 
OTOH, MACJIAHMCTHI COM OTJeJIMJIM, MpOMbIIM BOOM HM BBICYIUHIM Hay xXJIO- 
MCTBIM KaJibilvem. B pe3ysibTaTe weperoHKH nomyaniu 9,7 r (50% Teopun) 
-MeTOKCH-4-ruyponepdrop6yteHa-2 c T. Kum. 65—68°/748 mm. Ilosropuas nepe- 
dHKa Aaa: T. Kum. 30—31°/143 ‘MM, np 1,3030, dj 1,3696; MR ‘natinexo 
7,37, BblgucneHo ia C;F,H,OF 27,31. 


Hatigeno %: Cf30,82; H 2,23; F 58,99. 
C;FeH.zO. Bptuucieno %: C 30,94; H}#2,08; F.58,74. 


Sex: CHCKTP: Ywaxc 1700 (cm); 1730 cut. 
l-asToKcu-4-rugponepdropo6yrten-2. Peakuuio mpoBewH Tak, Kak 
mucaHo spiile. M3 14,5 r (0,09 moma) rexcabropOyraqueua-1,3, 10 ma a6c. 
THIOBoro cnupra u | Ma TpusTHMaMuna novyuunu 10 r (53,5% TeopuH) 
-9TOKCH-4-rnaponepprop6yTena-2, KuNeBulero mpu 48—51°/144 mm. B pesyap- 
ate ‘NOBTOPHOM mMeperoHKH MOJIyUHJIM BelllecTBO C TaKMMH KOHCTaHTAMH: 
. kun. 48,5°/144 mM, ns 1,3270, dz° 1,3090; MR ualizeno 32,17, BeraucneHo 
ma C.F,H,OFMR 31,92. 
HaitgeHo %: C 34,85; H 3,03; F 54,77. 
CeFeHgO. Buruncneno %: C 34,63; H 2,91; F 54,77. 


eK. CMEKTP: Yuanc 1730; 1790 (ca) CMas. 
l-nuaTHAaMuHONnepdtTopoyTtTaAneHn-1,3. B pacrsop 18r 
),25 moma) HoTHIaMHHa B 200 Mua ac. supa, NPM OXJaxKeCHHH JIbIOM UH UH- 
eHCHBHOM MlepeMelUMBaHHH, B TeYeCHHe MOly4aca BBE 16,2 r (0,1 mons) rex- 
abrop6yTanuena-1,3. TlepememmBanue MpH OXxJaxKeHHM MpokOKaNH elle 
yac, 3aTeM OCaJoK Propruspata AMITHIAMHHA OTHIbTPOBAIH, a OT (puuIbTpata 
BaKyyMe IIpH KOMHaTHOH TeMMepatype B TOKE a30Ta OTOP HAIN adup. Ileperou- 
of octaTKa noyuusu 17,4 r (81 % TeopHy) |-qusTHIaMuHoneppTop6yTaquena- 
3c. kun. 45—50°/15 mm. IlopropHol meperoHKoH MONy4HIH BeleCTBO C 
* 3yecb\ H RO BCeX MocmeAyIOUAX CAydaAx MPUBOAATCA J\aHHbIe B HHTepBadte yactoT]1600— 
100 cm}. 
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7. kun. 45°/15 um un 728 1,3960. Hatigeno 9,29% ruxponusyrouseroca F. By 
uycneHo juia CsFsHioN (B pacueTe Ha TMApONH3s OAHOTO aTOMa F) 8,83 4 
V.-K. CMeKTP: Yuaxe 1710; 1800 cm. 

WuastTudamMug a-ruq_ponepPTOpBUHHAYKCYCHOL 
K uc OTH. Pactsop llr 1-yu3THIamnHonepprop6ytaquena-1,3 B20 MI api 
pa BCTPAXHBaJIM HE€CKOJIbKO MHHYT C 25 MJ BOJbI, 3aTCM OT/CJIHJIH opupHty 
coi HM BICYIIMIH ero CysbiaToM MarHHA. OcTaToK mocse OTTOHKH adpupa Be | 
rHaiv B Bakyyme. Ilonyuusn 9,4 r (86% TeOpul) quaTHIaMujla a-THApomepprot 
BHHMJYKCYCHOM KHCNOTHI, T. kun. 72—74°/5 MM. B pesyJibTaTe NOBTOPHOH | 
PerOHKH MO YUH BeLLECTBO CO Cy1eYIOULMMH KOHCTAaHTAaMH: T. KHII. 63;5,/3.0 4 
n2® 1,4110, d?0 1,2428; MR Halizexno 42,63, BbuHceHO Aa CsFaHiuNOF 43,0) 


Hatineno %: C 45,23; H 5,13; F 36,14; N 6,56. 
CsF4HyNO. Beranceno %: C 45,07; H 5,20; F 35,65; N 6,57. 


Vek: CHeKTp? Viexeel660; 1800 seme ; 

Tlunepugauk oarugqponepPTopBuHAAYKCYCHOU K! 
cot bh. B 250 ma a6c. spupa pacrBsopuau 16r (0,22 mous) munepuaunas 
3aTeM, MPH OXJaxKJ€HHH JIbJOM H HHTCHCHBHOM MepeMelIHMBaHHH, B TeYeHT 
45 mun. BBenn 12 r (0,075 mona) rexcacdrop6ytaquena-1,3. IIpH Komuarue 
Temilepatype nepemelluBasiu euje 45 MHH., Mocwe Yero CMECb PasNO*KUIM JbAG 
HM pa3OaBJIeCHHOH COMAHOM KHCIOTOH. OQPHpPHbIM COM OTAEMIH, BOLHbIH—9Ki 
TparupoBalu apupoM. OObesquHeHHble SPHPHHIC BHITAXKKH BbICYWIMIM Hal Cyil| 
(batoM MarHua, Sup OTOrHaIM, OCTaTOK NeperHasH B Bakyyme. Ilonyuusu 8} 
(48% Treopuu) nunepnyusa a-ruqponeppTopBuHHJyKCyCHOH KHCJOTHI B Bue 6e 
IBeTHOH MaJIONOLBYXKHOH %KUTKOCTH Cc T. Ku. 92—95°/4 mM. IlopropHas mep| 
TOHKa Jlasia BeulecTBO c T. Kun. 94°/5 mM, ene PAL qo 1,3203; MR nape: 


45,13, BpruncmeHo ua CoFaHiuNO F 45,48. 


Hatiqeno %: C 48,16; H 4,71; F 34,00. 
CoF,HiiNO. BatuucneHo %: C 48,00; H 4,92; F 33,75. 


V.-K. CN€KTP: Yyaxc 1660; 1800 cm. 
B3auMomenHcTBHUerekcagmTopoOytagueuva-loc aTuH, 
amMuHOM. B pactsop 20 mi 9THIaMuHa B 150 ma a6c. supa, pu Mepemeur 
BaHHH HM OXJlaxKJeCHHH CMECHIO JIbJa HU COM, B TeveHHe Momyyaca BBein 16 
rexcadropOytazuena-1,3. TlepemeummBanue nposzom«Kasu eure 15 MMH. pH Oxsay 
nenuu 4 30 MuH. IpH KOMHATHOM TemMepatype. SaTeM peaKI[HOHHY10 CMeCb pa 
JIOKWIM JIbAOM U pasOaBeHHOM COMAHOH KUCOTOH, SPupHbI CO OTAeEIMN 
BOAHbIM — 9KCTparMpoBaiu SPUPOM. CoeHHEHHbIe SUPHbIe BLITARKKU OCTABHI 
Ha HOUb, Mocse Yero BbIAeHBIIMECA KPHCTaJWIbI Ouc-3THIaMHa PTopsTusen-1, 
AukapOoHoBol KUCIOTHOTPHILTpPOBaH (4,5 Pr) 4 NepeKpuCTaIIH30BaIIM 3 BOLI 
eer 190. 
Haiizeno %: C 51,10; H 6,87; F 10,06; N 14,94. 
CsFEisN2O02. Briuncneno %: C 51,05; H 6,96; F 10,10; N 14,89. 


Or dusbtpara B BakyyMe oTorHamm apup. Monysus 0,7 r Kpucrasmmuecko! 
ocTaTK a, NpelcTaBNsAlomlero cool sTHaMHy, a-ruxponepdTopBHHHTyKCyCcH’ 
KMCJIOTH. T. ty. 55—56° (43 4-oKTana). 


Halizeno %: C 38,56; H 3,86; N 7,59. 
CeFaHzNO. Buiuncneno %: C 38,92; H SEONG 2568 


1 DJIEMeHTOOPraHHueckHX COeMHeHHIt Ilocrynuso 
Axayemun HayK CCCP 21 XI 1958 


IMTHPOBAHHAA JIMTEPATYPA 


*R.N. Haszeldine, J. Chem. Soc., 1952, 4423, 2 M. Prober, W. T. Mille 


J. Am. Chem. Soc., 71, 590 (1949). 3 i 
Re tose ( ) RUN, -Haszeldiners -p Osborn, J. Che 
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I Jloknann Akanemun Hayrk CCCP 
\ 1959. Tom 124, Ne 5 


XHMHA 


} 
E. A. MAKCHMIOK u I. C. PHH3BYPP 
. 


NOJIAPOFPA®HA «-AJIAHHHATA MEJIM 


| (ITpedcmasaeno akademuxom A. A. [pux6epeom 20 X 1958) 

. B onyOnukopanubix panee paOotax (1, 12) 6b0 moKa3aHo, YTO B cayuae 
paMeVICHHOH CTaqMM paspsayla KOMMeKca cneunuyeckad aqcopOunA allenya 
*MeIaeT NOTCHUMA MOMYBOJHbI Ha PTYTHOM KaMeJIbHOM 3JIeKTpose B HampaB- 
M€HHH, ONPeeJIH€MOM 3HAKOM 3aPAla HOHA H BEIMYMHOM alcopOmMoHHOrO No- 
peHUMala, a TakxKe YTO celMpuyecKad acopOlluaA caMoro pa3psi2xKalouleroca 
(OHA IIPHBOAMT K Pe3KOMy CABHTYy NOTeHIHaa NOMYBOJIHbI B MOJOXKUTEIbHYIO 
Topouy. I,uc- H TpaHc-H30MepbI MPOABIAIOT Pas/IMUHY1O CKJIOHHOCTh K CMellH- 
OMYeCKOH alcopOunu, OlaroyapsxA YeMy MOXKHO MO BeNMUHHE NOTeHIHaa NoMy- 
4OJIHbI HCHTHUILH POBAaTb 3TH H3OMepHI. IIpaBya, Takoe pasiuuue HabOMaeTCA 
‘OJIbKO Y HeHTPaJIbHbIX MOJICKYJI H OMHOBAJICHTHBIX HOHOB. Y TpexBaJIeHTHOrO 
iona [Co en,(NHs3)2]** o6HapyxKuTb pasHHly B BeHYHHAX MOTeHMMaIOB Mosy- 
SOJIH WMC- H TpaHCc-H30OMepoB He yflaslOcb, Tak KaK B 9TOM C/ly¥ae 3apAaA, HOHA 
3+) moqaBiseT BAMAHHE MOJAPHOCTH UOHAa. 

A. A. Tpuu6epr u 3. E. Pomp6paiix (*) qerambHo usy4amM CBOHCTBa HTOJIb- 
1aToH HW MviacTHHuaTOH (opm rinkoKousata Meu. [lonpirka OObACHUTb pasIH4HeE 
3 KPHCTaJIIMYeCKOM CTPOeCHHH JBYX (OPM [IHKOKOJIATAa MeH HaJIM4HeM IHC- 
1 TpaHc-u30MepuH, T0f060HO Tomy Kak A. A. pundepry u B. B. IIruupiny (*) 
TO YaOCb YCTAHOBHTb JIA HFOMbYAaTOH HW MaCTHHYaTOH POpM PIHKOKOMATA 
IBYXBAJICHTHOH MaTHHbI, He yBeH¥aacb ycmexoM. CHHMasx MOJIAPpOrpaMMbl 
3 pacTBOpax pa3JIMYHOH KOHICHTPalH HPOMbYAaTOM HW MacCTHHYAaTOM PopM TH- 
KOKOJIATA MEH, Mbl TaK2Ke He CMOIJIH HaHTH pa3/IH4HA B MOTeHIMalax NOYBONH. 
Takum o6pa30Mm, oO HacToslero BpeMeHH He HalieHa PasHHa MexKAy HYOJb- 
1aTOH MW MwiacTHHuaTOH (OpMaMH TIHKOKONATA Med B BOJHOM pacTBOpe. 

B 1956 r. 3. E. Tonp6paix smepsple moulyyH mMlacTuHyaTy!o dopmy 
t-avlaHuuata Megu(*). 3. E. PonpOpalix npeAnpHusAs NONbITKy YCTaHOBHTb pasJH- 
IM€ B CTPOCHHH HFOMbYaTOH UM MaCTHHYAaTOH POpM 4-aslaHHHaTa MeJIH, HO, BbICKa- 
3aB IIPeAMOMOKeHHE O BO3MOXHOCTH CYMICCTBOBAHHA WHC- H TPaHC-H3OMECpHH, 
qe HallleyI K TOMY JlOKa3aTeJIbCTB. 

B wactosmeit padoTte u3ydaicA xXapakTep BOCCTAaHOBJICHHA o6enx cbopm 
1-alaHuHaTa Me] Ha KallesIbHOM PTYTHOM 3J1eKTpose. COOTBETCTBYION[He PasHo- 
3HJHOCTH a-aylaHHHaTa Me ObWIH MOJyUYeHbI MO MeTOy 3. E. Tonp6patixa 
>). Uiccmemyemoe BelllecTBO pacTBOpAOCb B 0,1 N pactBope cybcata Kalua, 
“yKUBUIETO (poHOM. Jia MofaBeHHA MaKCHMYMOB MIPHMCHAaCh *KCAaTHHA. 
3 KayecTBe aHOfa CyYKH CyJbpaTHbIH 3aKHCHBIM PTYTHBIH SCKTPO. 

Vs puc. 1 Buquo, YTO NOTeHIHaJIbI NOMYBONH HTOIbYaTOH H MacTHHYaTOH 
bOpM a-aJlaHHHaTa HMCIOT Pa3JIHYHOe 3HayeHHe. ToreniMastel NOJYBOJIH HYOJIb- 
laTbIX KPUCTAJIJIOB a-alaHHHaTa Ooee MOOAKUTEIbHbI, YOM NOTCHIMAIbI MOJy- 
SO TwlacTHHYaTBIx Kpucta1oB. TlonaporpapuyeckH MeTOR He JaeT BOSMOXK- 
JOCTH OHOZHAYHO IIpHMHCaTb TOM HIM Apyrol PopMe WHC- HH TpaHC-CTpoeHHe, 
10 pH HaIMUHH J[pyrHX aHHbIX O BOSMOXKHOCTH UHC H TPaHC-H3OMepHH y Eye 
[aeMbIX (OPM a-aslaHHHaTa MeH HFOMbYAaTOH :OpMe MOAKHO MPHNHCaTh THC 


Tpoenne. 
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TIpouHocTb PIMKOKONATa MH 4-alaHHHaTa Med MpakTHYeCKH OMHAKO 
“CpeqHve BeJIMYMHbI OTPHIaTeJIbHBIX JlorapHMOB KOHCTaHT HeCTOHKO 


V3 puc. 1 cmezyer, uTO NOTeHUHabI MOMYBOMH [VIMNKOKOIATa Me€IM MMe 
6onee OTPHMATeIbHOe 3HAYEHHE HU, CEMOBATEJIbHO, mIpu OMHHAKOBOH MpOuHOC 
TIMKOKONAT Meu OOlayaeT MeHbIUeH cmelupuyeckou ajicopOlunen, 4eM a-a 


HHHAT- 


£ 
% 
: %, 
- Of0+ 
i) e if 
~004- G10 4 ° 
0 
+008 D be 
*O10 10 LZ0monfa st re G0 monfa 
4 0 ——_—__ 
lg 6:0 g 
Puce. 1. SapucuMocTb NoTennvana Puc. 2. 3aBucHMocTb NoTeH- 
NOJIYBOJIHbI OT KOHILCHTPallHH Co- Wasa MOJYBOJIHbI OT KOHILeH- 
au. / — wroubuataa topma ruu- TpallwH TJIHKOKOJATa MeJH 
KOKOJATAa Mequ, 2 — MacTunya- mpu 20° (/) u mpu 50° (2) 
Tax (opMa IVIMKOKOJATa Meu, 
3 — wroubuataa topMa a-amaHu- 
HaTa Mequ, 4 — NaacTHHuaTag * 


(bopMa %-alaHHHaTa meqH | 


TlonyueHHble pesyibTaTbl OTHOCATCA K Temmepatype 20°. 

Kak BHJHO v3 pc. 2, mpu 50° noTreHwvawbI NOMYBOJH HTOMbUATOH H | 
yaTOH (OPM TVIMKOKOJIATAa MeQH B OOACTH HH3KHX KOHILCHTpallH coBnaaiw 
C NOTCHIHaaMH NOyBOJH mpH 20°, mpH Somee BHICOKHX KOHICHTPalHAX 10 
TeHUHAIbI NOYBONH pH 50° caBuraioTcs B NoOxKUTeIbHYy!IO cTopoHy. [lono6 
HbIM OOpa30M BeseT ceOA MacCTHHYAaTad (opMa a-alaHHHaTa Mequ. UTo me Ka 
CaeTCA HMFObYaTOH CPOPMbI a-alaHHHaTa Me€JH, TO 3e@Cb KPHBbI€ 3aBHCHMOCTI 
NOTeHIMasla MOYBOIH OT KOHWeHTpaltun mpH 20 u 50° copnayaioT Ha BCeM Mpo 
TADKEHHH. 


Tlepppii eHHHrpagcKHit MeHIMHCKHH = MHCTHTYT Tlocrynusao 
um V1. II. Masanopa 16 X 1958 


IMTHPOBAHHAS JIUTEPATYPA 
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| Aornzann Akanemun Hayk CCCP 
1 1959. Tom 124, N 5 


XH MH #1 


Ml. C. MEJIELUKO 
O BbICHIEM THAPATE OKHCH KEJIE3A 


i 
i 
| (ITpedcmaeaeno axademuxom H. H. Yepnaeeum 25 X 1958) 
} 
B o6mMpHol wuTepatype, nocBalmeHHot BONpOocy OCcocTaBe KONMOHZHOH rug- 
®0oKuCcH 2KeNe3a, HMCeTCA HeMaIO yKa3aHUii Ha CYLIeCTBOBAHHe BBICIIAX rH: 
))aTHEIX PopM (cofsepxallHX OT TpeX AO NeBATH MOMEKYJ BOLI Ha [Be MOJIEKYJIbI 
)KHCH 2Kee3a). OnHaKO KPHTHYeCKOe PpaccMoTpeHHe pesybTaTOB UCCeLOBaHHii 
*)a3M4HbIX ABTOPOB BbIZbIBACT COMHEHHE B OOsbIIMHCTBE NOJIYYCHHBIX JaHHbIX 
43-34 HECOBEPINEHCTBA IIPHMCHEHHEIX METOZOB. ITO, B NepBy10 OYepelb, OTHOCHTCA 
(< paOoraM, B KOTOpbIX IIpHMeHAHCb MeTOLbI cTapoii lipelapaTHBHOH XHMHH, He- 
LIPHPOAHbIe DIA MCCEMOBAHHA KOVJIJIOHAHO-QuCNepcHbIx cucTem (!4). To xe 
‘MOXKHO CKa3aTb H OO HCCJIEOBAHHAX, ABTOPbl KOTOPbIX HCMOMb3OBaIH MeTOIBI 
)pH3HKO-XMMHYECKOrO aHalH3a, BIOJHe NPHMeHHMBIe pH anasHse KPYNHOKpu- 
CTAaIMYeCKUX Gas, NepeHOCH HX B OOMACTh H3YYCHHA KOON AHO-AMCMepCHbIX 
eren 6e3 yyeTa cneundpuyecKux ocobeHHocTel moceqHHXx (5 ?°), 
MeToloM, MO3BOJIAIOWLHM OHO3HANHO OMpeeHTb cosepxKaHHe XUMHUECKH 
‘CBASAHHOHM BOJbI B KOJIJIOHHOM THpare, ABJIACTCA METO «TpeTberO KOMMOHEH- 
‘Ta>, MpeqviowenHb I]. T. Jlanumpuenxo ("). Anaau3 mocrapesmero rena ruy- 
\pooKucu xKesesa no Metopy Il. T. JlanumbyenKo noKa3an, 4TO OH MpescTaBsAeT 
‘coOo MoHoruppatT Fe2Os -H2O (37). Mccnenopanue cperkeocaxkKJeHHbIX mpena- 
paTOB KONNONAHOM rumpooKucn xKelesa (}%,14) mosBOmHIO OOHAPyXKUTb THI- 
path coctapa 2Fe2Os -5H20, FesOs -2H2O n 2Fe2Os -3H2O — nenpounpie co- 
CNHHeEHHA, OOE3BOXKHBAIOMUIHECA IPH OObIMHOM TemMMepaType WO ycTOHYHBOrO MoO- 
Horuypata. Hecmotps ua To, YTO B yyeOHOH MHTepaType CocTaB rHApOOKUCH 
oKele3a H3J.aBHa MPHHATO BbIpaxkaTb dopmywoH Fe(OH)s (Fe2Os -3H2O), zo- 
KasaTb CyleCTBOBaHHe TakKOrO rHspaTa NO noceqHero BPeMeHH He yaBanoce. 
MoxkHo ObINO JOMyCTHTb, YTO NPHYHHOH TOMY ABJIACTCA KpaHnHAA HeycTOHUH- 
BOCTb TpeXBOAHOFO ruspata, HO MPH H3BECTHBIX YCJIOBHAX MOMyYeHHe ETO BCe Ke 
OCYILLeCTBHMO. 
— UrTo6bl npesOTBpaTHTb pa3zOxKeHHe CBExKeOCAaKACHHOTO KOJONAHOTO THI- 
pata OKHCH 2%xKee3a, MpeACTaBJAOCb HEOOXOJHMBIM TiO BOSMOXKHOCTH MOHH3HTb 
TeMHepaTypy MOyYeHUA HM MCCICLOBaHNA THAporeiA, a TAKE MaKCHMAJIbHO 
COKPaTHTb MepvON CyMleCTBOBaHHA Mpelmapata C MOMeHTa €fO nonyueHHa pie) 
aHaslv3a, OSTOMy paHee NpHMeHAeMax MeTO_NKa uCcueqoBaHUA (1°) Obiia Mo- 
nudulupopana. Teib ruqpookHcH 2%eNesa OBI NONYYeH MYTeM MIpHMBaHHA On- 
peyeneHHoro o6bema 1 N pactBopa FeCls k Takomy xe oObemy 2 N pactBopa 
aMMuaka. KouleHTpaluu OOOMX PaCTBOPOB ObWIH CTPOrO yCTaHOBJICHEI. 3aTem 
B P€aKUHOHHY!O KOOY ObIO NpPHINTO (pH HHTCHCHBHOM pasMelHBaHHH) pac- 
“YWTAHHOe KOHUeECTBO THTpoBaHHOrO 0,2 N pacTBopa HCl yo nomHoW HeHTpaun- 
salu H3ObITKa amMMuaka. I]puMeHHB B Ka¥eCTBe TpeTbefO KOMIIOHEHTA XJIOPH- 
Thi AMMOHUM, Mbl, TAKUM OOpa3s0M, OCBOOOXHIKCh OT seer see St, TIpou3- 
30NHTb NIPOMBIBKYy Mpelapata (Ha YTO COLMHO TpeOoBalOcb He aie CYTOK). 
Ocaxjlasica THAporesb MpH TemnepaType Bosqyxa HC BbILIe (peakIHOH- 
ian Koul6a Oblla TOMelleHa B CHEF, pearHpytOUlve PacTBOPbI MPeABaPHTCMbHO OX- 
laxnenb po 1°). Tate nop oT@HALTpOBaHHOTO H YIJIOTHCHHOTO Ha sees 
WporesA ObWIH MOMELLeHb! B npoOupKu Cc Sa ao ai pees ea al : 
aSIMUHEIX KOHLeHTpauul (oT 5 Mo 25%). IIpoOupku ObiiM MocTaBeHbI B CTa 
‘aH CO CHEFOM HM TepeHeCeHb! B XOJIOAMJIbHHK, Oe eure icnertante ees 
ype Huxe 2°, CkBo3b MpoOKH BO BCex npoOupkax ObNIM Mpoy pe 


cepeOpAHOH MpOBOJIOKH, C MOMOLIbIO KOTOPbIX cojlep2KHMoe pacerade 
HO MepeMeIMBaJIOCb MO HECKOJIbKy Pas B Jeb. Tlocue bea He Ps 
IIMOHHOFO PaBHOBeCHA, Ha WECTHIe CYTKH Mocie NO YYeHHA Pea, ObWIM p 
HaBeCKH P@BHOBeCHbIX PaCTBOPOB H CMé 
celi TBEpJOM HW KUAKOH Pasbl WIA avallusa} 

Pe3yslbTaTbl CCIeCNOBaHHA CHCTEMIN 


se Fe203 — HzO — NHaCl mpegcrapseubi 

rab. 1 WH HaHeCeHbI Ha TpeyroOuJIbHy!o Aud) 

e rpammy ((14), cm. Take puc. 1). 

15 Kak BHJHO Ha \WarpaMMe, TPH MpsMbi 
S cocTaBa cmecu JKT, COOTBeETCTBYIONIHE BBId 
ae IMM KOHILCHTPaluAM PaBHOBECHBIX pac 

TBOPOB, TlepeCeKJIHCb B OLHOK ToUKe. IIp 

0 pejleHHad “uepes 9TY TOUKY «rHMmoTeHysi 


2 4 60 «GO Wk cocTaBa THypata> feHT ocb aOciHcc © 
Fe,0, MIpOWeHTHOM OTHOWeHHH Fe,O;/H2O 
Puc. 1 =75/25, 4Tro coorTBercTByeT Ylupat! 
Fe2O; -3H20 (spruucaeHo 74,71% Fe2Os)! 
Jlia nomyseHusa Gouee TOUHBIX JaHHbIX COCTAaB rH[pata OlpeweAJICA TAK} 
nytTem BbluncieHui (11,19). TuarpaMMa MoKa3bIBaeT, TO B mpo6ax I u II npg 
ebHad alcopOiuA pacTBOpeHHOFO BellecTBa Ha MOBepXHOCTH TuAporeA HoH 
CTHIHyTa He Obisla, OSTOMY WaHHbIC aHasIMsa 9THX mpo6 Mpv BEIYHCICHHH CO; 
cTaBa ruypaTa He ucnomb3soBalucL. UroObl HaliTH coqepxaHHe 6e3BOHOTO Bel 
ujecTBa B rHpaTe x*,B ypaBHeHHe | 
a’a’c” (100 —c’) —a’a"c’ (100 —,c") (13 
a’ (100 — c’) (c” — 6”) — a" (100 — ec”) (c’ —b") 
MOMepeMeHHO TMOJCTaBJIAJIHCb = 3Ha- 
yeHus c’ uc’, a’ ua’, 6’ u 6", cooTBer- 
CTBYIOUIHe TpeM Mapam mpoo: III u IV, Cucrema Fe,03 — H,O0 — NH,Cl 
IIluV, IV u V. Honyuenupie 3Haue- 
HHA = COCTABJIAIOT: Xij—v1 = 75,64; N 
xy1—v = 75,06; x1wo-yv=74,41. CpeyHee Mpoobt 


36 —— 


Ta6Omuna 1 


CMeCb XKHAKOH H TBePy 
uaKaa dasa b } 
eee nol bas OKT), % 


Tpex 3HaveHHH paBHo 75,04 %. NH,Cl, % (c) | Fe2Os;(a) | NH,Cl (6) 

TakuM 06pa30M, aHasIHTHUeCKHe JaH- 

HbI€ XOPOWIO COriacyloTcA Cc MouyueH- 3,95 Siee 3. 

HbIMH TpaduyeckuM mytem. Ecau mpu- : Ue wi as | 
Ill 41,52 22,75 9,08 

HATb BO BHHMaHHe HeH30exXHbIle OLIHOKU IV 1530 21°61 1202 | 

OlbiTa, TO HaJIHM4YHe TpexBOAHOrO ruApa- V 18,48 19,30 14,55 


Ta OKHCH 2Ke/le3a MOMKHO CUHTATh WOKa- 
3aHHBIM, BMCCTe C TeM YCTAHOBJICHbI YCIOBUA e€FO CyILeCTBOBaHUA. ITO oNOW| 


HAeCT Halllv CBCCHHA O BbICIUHX THAPaTax OKHCH »wewesa. Ilpumenenuaa ae 


HCCJIEMOBAHHA PaClWIHPAeT BOSMOXKHOCTH H3YUCHHA CBeKeOCaXTCHHbIX KOJWION 
HbIX FHAPaTos. 


Kpbimckuli =rocyapcTBenHblii MeQHUHHCKHit HHCTHTYT Iloctynuao 
um. HW. B. Crannua 21 X 1958 
r. Cumdeponoap | 
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HAornane Axranemunu Hayk CCCP 
1959. Tom 124, M5 


XHMHA 


Axajemux A. H. HECMESHOB, UH. @. JIYMEHKO u C. B. MOHOMAPEB 


NOJIYYEHME KETOHOB, COJEP)KALIMX ATOM OJIOBA 
B «-HOJIOHKEHHH K KAPBOHHJIbBHOU PPYNME 


TpogomKkaa uccneqopanue mpocreimux MeraslmMyecKHx 3HOMATOB (1), MBI 
MpeAIPHHAIM MOMbITKY MOMYYHT UX OCOMEHHOM peaKkiueli aTKOFOJIATOB MeTaJI- 
JlOB C alleTaTaMH 9HOJbHbIX (popm. B Hacroautel crarbe u3102%KCHbI pe3ysIbTaTbl 
M3YYCHHA B3aMMOMeEHCTBHA SHOMALeTaTOB C TPHaJIKHJIMeTOKCHCTaHHaHaMhH. 
 Ilpu camBanuu 9KBuBaeHTHbIX KOMMYeCTB RsSnOCHs u auetata dHONa TIpo- 
UCXOJMT yMepeHHoe pasorpeBaHue, Ht U3 PeaKUMOHHOHM CMecH MOryT ObITb OTO- 
THAHbI alKuJalleTaT (KOMM4CCTBEHHO) UM OOBOOpraHMyecKoe coequHeHHe (Cc BbI- 
xonom 70—95%). Ilogpo6uHoe usyyeHue nomyueHHbIxX TaKHM O6pa30M OJ0BO- 
OpraHuuyeckuX MPOv3BOAHbIX MOKasa0, YTO OHH MpeycTaBAAOT CobOli He 39HO- 
NATbI TPHaJIKWJIOJIOBa, a H3OMCPHbIe UM &-MeTaJJIMPOBaHHbIe KeTOHBI. 

Bonpoc 0 TOM, MMeeT JIM OOBOOpraHHu4eckoe COeAMHEHHE, NOMyUeHHOeR H3 
uszonponeHualetata Hu RsSnOCHs, KeronHoe crpoeHue RsSnCHxCOCHs (1) 
i RssnOC = CHs 
WJIH JHOJIATHOe CTPOeHHe Le (II), Moxker OnITb pemlen cneKTpocKomnye- 

2 

CKu—HccleqoBpannem uHPppakpacuoro cieKTpa Hu CieKTpa KOMOMHALMOHHOrO pac- 
CeAHMA CBeTa B AByX oOacTax: B oOactu 1600—1700 cm, rae pacnonoxexb M0- 
MlOCbl KoNeOaHHH cBA38H C=C u C=O, u B oOmactu ~3000 cm}, rye pacnoso- 

€HbI MOOCbI BaJIeHTHOTO KONeOaHua C — H. 
_ B uncbpakpacubix cnekrpax MoJy4eHHbIxX OMOBOOpraHMyecKuX CoequHeHHii 

OHapy2KeHO HHTeHCHBHOe Morsouenue pu 1684 cm 1(R=CaHo) nu pu 1686 ew? 
(R = CoHs)*. [na anucaruueckux KeTOHOB XapaKTepHbI NOJOCHI B OOMacTH 
1700—1725 cm}. Oquako pu HaJIM4HH B MONeKYyie NBOMHOM CBA3H HJM apoMa- 
WHUeCKOFO KOUIbIa, COMpsA2xKeHHBIX c C=O -rpynnoi, uacToTa KoeOaHHli KeTOH- 
‘HOM KapOOHHJIbHOH rpynnbl NOHM*KaeTCA WO 1665—1685 cm !. B coequHeHHAX CO 
lerpyktypoi (1) B a-momoxKeHuH K KapOOHMJIbHOL rpynme umeercs atom ovtoBa 

THOCUTCIbHO BLICOKOM MO/APH3YCMOCTH, KOTOPHIM MOJKEH BbI3bIBATb MOHMKE- 
lave uacToT KomeOaHul, aHaloru4noe aippekty, CosqaBaeMOMy J[BOHHOM CBASbIO 
WIM APOMATHYECKUM KOJIbIOM, YTOB AelicTBUTebHOCTH HM HaOwO_aeTCA. Cueqyer 
yKasarb, UTO B CuLyUae &-MePKYPHPOBaHHHIX KETOHOB 9TO CMeUeHHe HaOMOMaeTcA 
3 emle Oonbmuel crenenu, u quia 6 uCCMeMOBAHHbIX PTYTHBIX KeTOHOB MOJOCKI 
aornoulenua jexat mupu 1660—1670 cm. 
_ B cmextpe KoMOuHallMonHoro pacceaHHA eae geet Maun uals 
IpraHuyecKuX COeMHHeEHHH HalieHa Mosmoca 1671 cm 2. earn ; 
* Tlonyuenupie 3HaueHusl YaCTOT CJIMLIKOM BbICOKH Aaa C= -CBA3H oe 
rypa (II)). Jaa panee onucaHHoro HaMH BUHHaTa JIMTHA (*) se sels ae 

uHppakpacHoM cmekTpe, oTBevatollad KONeOaHHAM JBOHHOH spe ines 1 
ea mpu 1610 cm. Kpome Toro, HH B HHppakpacHbIx CMeKTpax, HH pa 

OMOHHaILMOHHOTO paccesHud CBeTa He OOHAPY2XKEHO MOMOC NOMMIOULeHHA amp 
Imactu ~3040—3090 cm}, KOTOPbIX CJIEMOBaJ1O Obl OXRKUaTb IPH CTpyKType E 


ae Ka3uublu ’ 1 De peuloBy H Be B. OK- 

| Ilomb3yemca cJLyuaeM no6wal OapUuTb Ue y I JT 

UvHa KOTOPbIe NpoBeJu CHeKTpOCKOMMYCCKOe uccJIeqOBaHHe TP HSTHJAWeCTOHHVJIOJIOBAa H Tpu6y- 
’ 
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Hakouell, Kak B CJlyuae MCpKyPHPOBaHHbIX asIbAeru“OB HW KeTOHOB, Tak H B IC 
JIYYeHHEIX OJOBOOPFaHHYeCKUX  COCAMHCHHAX yibTpapuoneroBble CieKTp 
TOMIOULCHUA NOKa3auiH HasIM4YHe MHTCHCMBHOM TMOsOCb! B OOMAaCTH NOTOLULeHH} 
KapOOHHJIbHBIX COCAMHEHHH, IpHYeM HaOsIOMaeTCA HESHAYHTebHOC CMELILCHH| 
XapaKTepHOH MOJOCI B AVIMHHOBOJIHOBY!O YaCTb MO CPaBHeHHIO C alleTOHOM _ 
OUCHb CHJIbHOe YBeJIMYCHHE HHTCHCMBHOCTH: CHsCOCHsAwmaxe 271 mp, Ig ¢ 1,2 
ClHgCHzCOCHs ) waxe 296 Mp, lge 2,50; (CeHs)sSnCHeCCCHs Amaxe 277—280 MI 
Ige 2,34; (CaHs)sSnCHsCOCHs Awaxe 281—283 mp lge 2,10. Stu cnextTpocK 
MMYECKHE JAHHbIe MO3BOAIOT IPpHNNCaTb CHHT€3HPOBAHHBIM HaMH OJIOBOOPres 
HHYCCKUM COCIHHEHHAM CTPyKTYPY &-MeTaJIJIMPOBAaHHbIX KCTOHOB. Tlogpo6u 
CHeEKTPOCKOMHYECKOe HCCeEMOBaHHe ObWIO MPOBeEAeCHO BCIEMCTBHE KPaHHe JICT} 
KOM THAPOMH3YeMOCTH MOJYYeHHIX COCAMHEHHH, YTO 3aTPYAHAMO PeLIeHUe BC 
mpoca 0 cTpyKType xuMuyeckuMH crocoOaMH. | 

Peaxuna mexyy RsSnOCHs u alieTaTaMu 2HOJIOB MpOXOLHT MO CeRyIOULeM } 
CyYMMapHOMY yPpaBHeHHIOo: 


RsSnOCH3 + CH3C => CH, — CHsCOCH2SnR3 oe CHsCOOCHs3. 


| 
OCOCHs 


YM (bopMaJIbHO MO2KCET PaCCMATPHBATbCA Kak TIPUCOeCAMHEHHE onesoep ra ant 
COCJLUHCHHA NO JBOMHOU CBAB3H. KoOHCTAaHTHI, BbIXOZbI WH aHaJIW3bl OJIOBOOpray 


HMUeCKHX K€TOHOB JlaHbl B TaO. 1. Hopp Klacc MeTasMOopraHHyeckH} 


Ta6nuna wt 


3S 20 20 BuruucseHo Haiizeno 
toe d “sa ee 
Coenunenue BS T. Kun. UaD. Up a - sy C | 7 | a | 
(CoHs)3SnCHCOCH, 95 |400,5—101°/6mm|4 , 4991/1 2875/44 , 1217, 61/45, 21144 ,45|7 85 
44 ,29|7,77 
emi 72 |446—117°/4 mm |4 5057/1, 2872147 ,56|7, 98 47,5717, 55 
i 47,69|7,84 
O 
(C3H;);SnCH»COCH, 78 | 98—100°/4 mu |4 4865/1 , 1983/47 , 25/8, 58138 90/47, 16/8, 70 
47 ,26|8 62 
(C,H9)gSnCHyCOCH, 85 |[130—122°/ 2mm |1 , 4842/4 1255/54 , 92/9 29/34, 24152, 0519 56 
52,17|9, 64/34 , 
34, at 
cmc) 70 |155—156°/1 mat} 4805) , 1290]55 , 85]9, 31/80, 70]55, 25/9, 5434 , Of 


(@) 


e) 


Ke€TOHOB, COMep2xKallHX B a-MOMOXAKCHHH ATOM ONOBAa, MO CBOMCTBAM Pe3KO O1 
JM4aeTCH OT KETOHOB, HMeIOUINX RsSn-rpynny B B-nonoxKeHHH (2). TaK, Tpu 
STHMALCTOHHONOBO MerKO uM ObICTpO (C 3aMeTHBIM pasorpeBanHeM) rHqposyy 
3yeTCH BOOM, aBat THAPOOKNCh TpHaTHONOBa u alleToH. Takoli HeoOBIUH 
erkui ruypouus C — Sn-cBa3u HECOMHEHHO 3aBHCHT OT HalHuUA B MOJIeK ull 
COCAMHCHHA o-T-CONPAKCHUA. ITOT sceKT conpsxKeHUA, B VACTHOCTH, IIpoaH 
AACTCA HB CMCULCHHM YaCTOT KoNeOaHHi B y.-:). H M.-K. CMeKTpax Kak y pty 
HOOPraHHueCKUX, TaK Hy OOBOOpraHnyecKkux OKCocoexnHeHUH. [penmpHHATbh 
HaMH MONbITKH NOMYYHTh H3 BuHJalerata u RsSnOCH.(R = CeHs, CH! 
MeTaJIMPOBAHHbI alleTablern moka K ychexy He MpuBenu. XoTA pH cAMBaHy} 
OKBUBAICHTHBIX KOJIMNECTB BuHWJalletata u RsSnOCHs peakuwonnasn cmeci 


alleTaT, omujlaembii RsSnCHsCHO npn neperonxe 8 BakyyMe (pu octaTou 
HOM aBsenun 1—1,5 mM) pa3naraetca. 
B cBsu ¢ STHM MbI XOTeIH ObI yKa3aTb Ha NOABMBLIYIOCA HELaBHO padorTt 


M. Jlec6pa u Brouccona (3), 8 KOTOPOH ONMCaHO nOyYeHHe TpuOyTHAALeTOHHA 
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‘ON0Ba H3 TpHOyTHIICTaHHaHa M AuasoaleToua. ITO CoeqNHeHNe ONHCAHO Kak ry- 
CTad KeNTaA WUAKOCTS c T. Kun. 130—134°/14 wm. Huxaxux Jpyrux XapakTe- 
PHCTHK, B TOM YnCe HM aHalHsa Ha COfeprxKaHHe yreposa u BOLOpoRa, He IpH- 
BeWeHO, a aHaJlu3 Ha OJIOBO pacXOAHTCA C BHIMHCICHHBIM Gomee uem Ha 1%. 

_ Tlonyyennpii Hamu uw oxapaktTepw30BaHHbili NOWHEIM aHaIN3OM H u.-K. u 
y.-. cmekTpamu oOpa3el, TpuOyrualeTonusonopa mpeyctapaser cobor 6ec- 
IBeTHY!O %KUAKOCTH c T. KuM. 130—132°/2 mm. Ileperonka coequnenua mpu 6o- 
Wee BEICOKOM OCTATOYHOM aBseHun (4—5 MM) mpuBogUT K 3aMeTHOMY pa3voxe- 
HHIO BELLECTBa, KOTOPOe B STHX YCJIOBHAX MeperOHAeTCA B BUC KENTON XKUIKO- 
CTH. OTH MaHHBle, a Tak%Ke 3HAYNTEbHOe PacxOx* enue B TeMMepatypax KHMe- 
} HHA MO3BONAIOT AyMatTb, uTo M. JlecOp nowyuns vu onucadl He UuCTOe COeuHeEHHe. 
'  VUcxogupie TpvasiKvIMeToKCHCTaHHaHb! Noyyaluch ¢ BbIXoamu 70—80% 
‘M3 TPWaKYIXJOPCTaHHaHOB HM MeTHJaTa HaTPpHA B aOCOJIOTHOM Me€THJOBOM 
cnupre. 

| (C,Hs)3SnOCH;—r. xun. 73—74°/13 mm, n2° 1,4760, d?0 1,3065; 
(C3H,)sSnOCH; — tT. kun. 87 — 88°/3 mM, n29..., d®°...; (CyH)3SnOCH; — 
e Kun. 101 — 102°/2- mM, n%9 1,4745, d20 1,1690. 

Ilonyuenue TpPpudeTHAanHeTOHHAONOBA. K 11,8 r (0,05 
‘MOJIA) TPHITHJIMETOKCHONOBa AOGaBueHo 5 r (0,05 mona) u3onponenusalerata. 
PeakW\MoHHas CM€Cb 3aMeTHO pasorpeBaetca. Iloce NoMyyacoBoro HarpeBaHnA 
‘mpu 40—50° otorHaH Metuuatierar. OcTtaTroK meperHaH B BaKyyMe, T. KHI. 
100,5—101°/6 mM, Bprxog 12,3 r (95% Teopnu). Ananornuno nowyyeHb ui 
OCTAaJIbHbIe COC MHEHHA. 
| Peaxklua TPHITHAALeCTOHHIOTOBA c BOOH. 
-K 2,6 r (0,01 moms) tpustHianeTonuonoBa AOOaBeHo 0,2 r Bogbl. Uepes | Mun. 
-CMECb pasorpeBaeICA HW MOMHOCTLIO 3AKPHCTAJJIM30BbIBaeTCA B PHAPOOKHCb Tpu- 
9THIONOBAa, T. Mu. 44°. 


MockosckHlt TrocyjapcTBeHHbIli yHHBepCHTeT Tlocrymusto 
umeHH M. B. Jlomonocosa 25 X1 1958 


IMTHPOBAHHAA JIHTEPATYPA 


BN, Tele Jal Meauos, HM. © JIyneuko, P. M. XomytTos, JAH, 120, 1049 
(1958). 25 Cre ate k, J. Noltes, Tin and Uses, N 37, 10 (1956). ®°M. Lesbre, 
R. Buisson, Bull. Soc. Chim. France Ni 10, 1204 (1957). 
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Jloknangp AkawqeMUM HaykK cCccP 
1959, Tom 124, Ne 5 | 


A. M. PYBHHUITEMH, B. A. ADAHACDBEB, B. M. AKHMOB, 
H. A. MPHBBITKOBA u K. H. CJIOBELLKAA 


BJIMAHME COCTABA HW YCJIOBMA TEPMH4ECKOM OBPABOTKU 
HA CTPYKTYPY WM KATAJIMTMYECK YIO AKTHBHOCTb 
Al,O, — ZrO.-KATAJIM3ATOPOB 


(ITpedcmaeaeno axademuxom A, A, Bananduxem 17 X 1958) 


STO UCCIELOBAHHE ABIACTCA PASBHTHEM PaOOT, MpPOBOAMMBIX HaMH M0 H3\ 
YeHHIO OHHAPHbIX KaTasu3aTOpoB Ha ccHoBe Al2zOs (1:2). ZrOs mpuMeHseTCca B Ka 
yecTBe JOOaBKH WIM KOMIOHEHTA CMCLUAHHBIX KaTaIM3aTOPOB, OMHAKO HaM He Hd 

; b 

Tagzee ee 

Onpitupe ZaHHpe, Mom yeHubre c AlpOgs—ZrO2-KaTa- PEY an ae | 
mugaTopaMH Pe3yJIbTAaTbI, MOyYeHHbIe Ip 
CHCTeEMaTHYeCCKOM H3MCHEH 


| 
| 


aor oe ee Crenenb mpe-  COOTHOWICHHH KOMMOHEHTOB | 
nee tier: alas _ | ec,Hon,%  YCuoBuli TepMuyecKoi o6pa6o4 
os Pyle a res > KH, HH paOoTbl, B KOTOPbIX Obf 
8a = pA ees we | 245° | 2¢0° Ja Obl ompezemeHa yebHeat 
AKTHBHOCTb MOMOOHbIX KaTalli 

o# 85 | 400 sey _ | saTopoB. CrpykTypHomMy 43%} 
5 8.7 | 400 0,76 | 403 33 | 76 yeHuio cuctempr AlsO3s — ZrC 
10 8,9 | 400 | 0,71 | 392 39 | 82 MOCBALLCHbI CTaTbA (°), B KOTE 
Me o mee neee eae = Ps poli paccmorpex sdpexT B3auy 
50(47) | 9'5 | 400 | 0'85 | 362 | 47 | 88 HOH 3alWTbI OT KpucTamuusa 
100 9:0 | 400 | 4.3 | 420 — | 42** UHH KOMMOHeHTOB, H pa6oTa (4) 
5 600 | 0,73 | 250 69 | 94 coqepxKallaa noxpoOuoe pent 
40 600 0,70 | 244 53 86 PEHOCTPYKTYPHOe ONHCaAHHe Taj 
15 600 | 0,69] 240 | 54 | 92 KUX Mpenaparos. | 
cf ue ie is : Mobi uccuieqoBaM pasi0xe 
100 600 | 4°3 iA | goees “HH aOcouIOTHOrO u30NponnJd 
rel) alee heat Boro cnupta Ha AlxOs — ZrOd 
5 750 |0.72| 496 | 45 | 70 KaTaIu3aTOpax, MpHrOToBJeH 
10 750 | 0.70 | 494 37 | 75 HbIX COBM€CTHBIM OCaKJeHHel 
: a Re ve . H3 B3ATbIX B COOTBETCTBYIONILH 
a0 wag Lis Ses oe ee lead COOTHOWeCHHAX OO6bemMoB 109 
100 750 |4'4 | 13 | — | 3,*e* PaCTBopoB Hutpatop Al u Z 
10% amMuaKom mpu KoMHaT 

* Uncraa Al,Os. HOH TemnepaType wu KOHedHO 
ae pu 300°, BKmoyaa 1% jeruqpHpoBanna. pH 8,7—9,5. TIpompitpie 3 
IIpu 320°, pxmouaa 3% 7erHApupoBannsa. cCbOpMoBaHHBbIe OocawKH CYUIMJ) 


mpu 110°, uw orgenb 
KaKHOrO WpenapaTa mpokaluBasn mpu 400, 600. Hw 750°, pnb Sin onal 
JAANaCh NOTEPA BOMbI; OKasaocb, YTO yxKe mpu 400° oG6e3BOxKHBaHHe rHgpo 
OKUCCH AOCTATOUHO BEMKO H YTO KaTaJIN3aTOPbI COCTOAT 3 OKUCell. II[pu nosl 
oe TeMIepatyPbI MpOKaMBaHuA NO 750° AONOAHUTeENbHO YaANOCb TOMS 
076 


(so 10 2% Bowbl, KOTOPaa Haxo_MNach B KaTauIM3aTopax, IpoKaJeHHbIx mpu 400° 
# aycopOupopaHHom coctosHun. Toropbie, npokaneHubie KaTaJIu3aTOpbl npem. 

TaBJIAJIH 3€pHa C Ceyvennem 1,2—1,3 mm. B ocnopublx onbitax B peakTop 3arpy- 
WKalu 3 CM KaTaiusatopa. Pasnomenne i-CsH,OH MpOBOWIH B MpoTOuHOk 
tsucteme (1) c o6pemHoli cKopocrtsio 1,0 yac. 1, ompelenAsd akTHBHOCTS NO OOBbe- 
fy H CocTaBy BbifenuBieroca rasa. 43 onpirubix aHHbIX BeMUMHbI KOHCTAHTHI 


(Kop ocTH peakunu K paccunTpipanu no ypaBuennto K = qo), a 43 BeJIN- 
imH K uS (y2enbHaa NoBepxHocth) — yrenbHyt1o akKTHBHOCTS sp: (ra67. 1). Be- 
TI E™ 
a eer ae ee 
300 | +a ! 
ip ' 


LU0 


Puce. 1 


MIM S Obwin NOWyYeHbI NYTeM U3MepeHHA H3OTEPM alcopOuMn apoB GexH3o0ua 
mpu 20° quHamuyecKuM MerTojoM (°) c pacuerom no ypaBHenuio BOT. Coorser- 
CTBYIOWHe JaHHble NpeACTaBJIeHbI Ha puc. 1, noKa3bIBaIOULeM, 4YTO HCCJIeOBaHHbIe 
KaTaJIM3aTOPbl HMCJIH OYEHb CHJIbHO Pa3BHTYIO MOBePXHOCTb H ObWIH JOBOJIbHO 
TEPMOCTAOHJIbHbIMH, MOCKOJIbKY HX NOBEPXHOCTb OKAa3bIBaaCb BeCbMa OosbIUOM 
Jlaxke mocie mpoKaMBaHHA Np 750°. 3necb ABHO CKa3bIBaeTCA B3AHMHOE 3allLuT- 
Hoe JeHCTBHe KOMNOHEHTOB KaTaJIM3aTOpOB OT KpUCTaHsalluM (CMeKaHHA). 
O6 usmMeHeHuH NOpUuCcTOH CTPyKTypbl KaTasu3aTOpOB MpH MpOKaJIMBaHHH MOXK- 
HO CYIMTb N10 puc. 2, Ha KOTOPOM TIpHBe- 
J@Hbl paccuuTaHHbIe NO ypaBHeHHIO 
KesibBuHa KPHBbIe pacipeseienua nop GO040 
m0 fMaMeTpaM y KaTamlusaTopa c 
10 mon.% ZrOz: uMeeT MecTO cMmelleHHe 
WM paclMpeHue MaKCHMyMa Ha KPHBbIX 
C MOBBILNeCHHEM TeMMepaTypbI MpoKan- 
BaHwa. OTa KapTHHa THNMYHA JIA 0020 
W3MeCHeHHH, MpOHCXOAULUX MPH TepMH- \)~ 
yeCKOH OOpaOoTKe KaTaJiM3saTOpoB u3sy- NIN 
yYaeMOli CHCTEMBI. GOU0 
AlexO3 — ZrOs-KaTamusaTopbl OblWIn 
AKTHBHbIMH yxe mpH 230°, Torga Kak 
cama ZrOz uMela TaKyIO Ke AKTHBHOCTb 
tumb mpu 300°. B wenax SKOHOMHH 
MecTa MbI IIpHBOuM BTaOm. 1 creneHH eae 
Mpeppalenus, XapakTepu3yiomlne 00- : 
ULy!O AKTHBHOCTD, JIMMWIb AIA TeMMepatyPp 245 u 260°. Ha BC€X OHHAaPHBIX KaTaJin- 
3aTOpax B 9THX YCNOBUAX MpoTeKaJla TOKO AeruApaTanA i-CsH;OH. Paccmar- 
puBad anubie Ta6a.1, cmefyeT OTMeTHTb, YTO Y KaTaJIMsaTOPOB, NPOKAeHHbIX 
apa 400°, qo6asKa 5 Mon.% ZrOz coBceM HE MOBbIMAaeT, a IPH 10 mom.% u 60- 
mee Maylo MoBbilaer oOulyio akTUBHOCTH. LlopbileHHe aKTMBHOCTH 3eCb ABHO 
SOYCOBMEHO 3HAYHTeIbHO OOJIbINMMM BeIMYHHaMH S OuHapHbIxX KaTaJM3ato- 
poB no cpaBHenutoc Al2Os. Takosbl xe pe3yJIbTaTbI COMOCTaBICHUA obmelt aKTHB- 
woctu AleO, uv OHHaPHbIX KaTaJH3aTOPOB, MPOKaJIeHHbIX MPH 750°; BHauaue, 
HECMOTPA Ha OONbIIHE BEIHUMHEI S, OuHapHbIe KaTasH3aTOPbI MCHC€ aKTHBHBI, 
yem AlsOs, u TombKo HauuHas c 15 mom.% ZrOz uMeIOT PaBHY!O C Heli AaKTHB- 
JOCTb. TakUM OOpa30M, MOXKHO ClelaTb BHIBOL, WTO aKTHBAMNA AlzOs 2o6aBKolt 


ZtOz B STUX YCOBUAX He HMECT MECTA. 


GORE 
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Ha puc. 3 npupeyeH rpauk — H3MeHeHHe Pre ari ye 2 Tee 
1 pOKaHBaHUsA KaTaJIM3aTOpOB ({1—750°,, 2—600°, J— Be 930° ¥ 
960°; aHaloruunad KapTHHa nosyyeHa H WIA ONbITOB pH » <a 
3 9THX CJlyatX HMeeTCA HeKOTOPHIi pasOpoc TOUCK B o6u1acTH ee Mom. % 
ZrOz. Ilo puc. 3BuHO, 4TO, Haumnad c5u fo 15 mon.% ZrOz, 4 ee 
TaeT, a 3aTeM ye He MeHAeTCA C COCTaBOM: HayHHad C 15 mon. % ZrOez Aaa 
pa3IHUHBIX TeMMepaTyp MpOKaJIMBaHHA Ay, OOpasyeT CHCTeMy IIPAMBIX, Napad- 
NeNbHEIX OCH KOHWeHTpauuit. locroaucrBo Ay, B WIMPOKOM HHTeEpBasle KOHILCH- 
tpauuii ZrO2 sacTaBneT CUHTATb, YTO B OMMCAHHbIX YCIOBHAX PeakHHA mpote- 
KaeT TOUbKO Ha AloOs uv uTo ZrOz BeweT ceOA TOMbKO KaK HHEPTHBIM HOCHTECJIb. 
Kak BHIHO H3 JaHHbIx Ta6n. 1 (S m cTemeHu mpeppaueHHa) u puc. 3, Ays 
uuctoii AlsOs Gombe Ay, OMHaPHbIX KaTaJIM3aTOPOB, 6oulee MOMpoOHoe usyweHHe 
A, AlzOs noxa3am0, 4TO ona yxKe NpH 240° paBHa 2,25—2,58 -104 Moub/M?muH. 
T. @. TOFO Ke NopaAMKa, Kak Ay, OMHAPHbIX 
KaTamu3aTopoB mpu 260°. Bce 3To Haxo- 
WMTCA B XOpOLIeM COriacHH C aHHbIMH 
peHTTeHOBCKOrO aHaJIHW3a KaTa/IM3aTOPOB 
(B KoTOpoM yuacTBoBasia TaKxe JI. JI. Kpe- 
TayloBa), IWpoBeweHHoro B KaMepax PKI] 
ACHMMeTPHYECKHM MeTOJOM Ha H3J1y4e- 
Hun CuKa c Ni-cumptTpom. MyenutuduKka- 
ua (bas MpousBo_Hacb MO TaOJIHUHBIM 
JAHHbIM JIA UHCTbIX KOMMOHEHTOB (4) Hu 

Pac IlyTeM COMOCTaBJICHHA C PeHTTeHOr paMMaMH 
YUMCTbIX KOMMOHEHTOB, MOJIYYCHHBIX B TEX Ke | 
ycopuax. Ha pextreHorpaMMax OnHaDHBIX 
KaTasusaTopoB, mpoKaleHHbix mpu 400°, oOHapy2KeHbI oTpaxeHua y-Al2Os, 
ycna6J1stoulHeca C YBeIMYeHHeEM KOHWeHTpallun ZrOz, KOTOpas, MO-BHMMOMY, 
B KaTalus3aTopax 9To cepuu amopdua. Ha peutrenorpamme ZrO, (400°) 
HM€IOTCA CHJIbHbI€E JIMHHH TeTParOHaJIbHOH 4 OYeHb CaOble — MOHOKJIMHHOM 
ZrOz. Cepua 600° nana WA OuHapHbIX KaTalH3aTOPOB aHaJOrMUHYIO KapTH- 
HY, C TOH pa3HHIleH, UTO Ha PeHTTeHOrpaMMe KaTasHsaTOpa Cc 47 MO. %ZrO2 
MNOABHJIHCb ClaOble JIMHHH TeTparoHaIbHOH MORHpuKawuH ZrOe; unctaa ZrOs | 
OKa3alaCb MOHOKJIMHHOM C MpHMeCbiO TeTparoHabHOH (bopMbl. KatamH3aTopbl — 
cepHu 750 amu peHTreHOrpaMMbl, Ha KOTOpBIX, Ha4ynHaa c 10 Mom.% ZrOs, 
MOMHMO J1HHHH y-Al2Os NoABAAIOTCA MHUM TeTparoHambHol ZrOz; uuctaa ZrOz; 
STOW CeEPHH MpeCTaBJIAeT MOHOKJIHMHHYI0 (POpMy JIMIIb CO CeqaMH TeTParoHaJb- 
HOH B Bue mpuMecn. Takum o6pa30M, MBI yCTaHOBHJIM, UTO B KaTalHsaTopax, 
MOJIYYCHHBIX COBMECTHBIM ocaxeHHemM, ZrO2 uv AlsOs Haxom_aTca B Bue CaMo- 
CTOATGIBHEIX ()a3 H TBEPAbIX PacTBOPOB He OOpasyroT (YTO ceyeT uU3 pacueTa 
MapaMeTpoB pelleTOK). OTO HaXOAHTCA B XOPOUICM COOTBETCTBHH C JaHHbIMH 
Pydia u S6epra (4), Hawequmx, uro yo 1800° ZrOz un AleOs ne B3auMmojelicr- 
BYIOT C OOpasOBaHHeM TBEPAbIX PaCTBOPoR. 

Mbi NocraBuJid C KaTaiM3aTopamu, MpoKasleHHbIMu mpu 600°, onouHuTeWb- 
Hbl€ OMbITE! MpH 320°, MOCKOAbKy B 9THX YCNOBHAX AKTHBHOCTb uncTOH ZrO2 
SHAaYNTeIbHa. OTO NoTpeOopalo yBemMYeHnA OObemMHOH cKOpocTu Jo 12 uac?. 
B STHX OMbITaX MBI MOYUMIH CeLyioulMe 3HaveHHA: Ay,- 104 = 17; 15; 23; 
23 u 25 coorsercrBenHo mpu 5; 10; 15; 25 u 47 mon. % ZrOz, IpHyeM Wa TOMbKO 
Acruapatalua cnupta, Tora Kak Ha YucTO ZrOz umMena MecTo Hu JeruyporeHu- 
3allHa. IIpupeqenutie AA@HHBI€ MOKA3bIBaIOT, UTO TNOBBILeHHe TemMMepaTypbl H 
OObeEMHOH CKOpocTH B OOULeM He H3MeHHJIO KapTHHBI, H300paxKeHHOH Ha puc. 3, 
H HE NOBINAO Ha CleaHHble 43 Hee H Ta6u. | BEIBOALI. 

ae KacaeTca yBeqMueHHA oOuleit akTHBHOCTH B uHTepBasme 400—600° 
Neier nae gat TOMEL ET POE UDO EEG (puc. 3), TO ux MOXKHO OOBACHUT 
HMEIOULUXCA K ' MOP, TPYAHO MOCTYMHBIX AJA MomeKys CHHpTa, 

: ak y KaTausaTopos cepun 400°, Tak (B MeHbuleli creneHu) uy 


KaTaJIH3aTOPOB, MpOKaJIeHHbIX mpH 600°, noc 
KOJIbKy Naatoulan Ha 3T 3 
aa S BxoauT B pacuer Aue ’ y Naylaroul HW MOpbl JO 
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B 3aks10ueHHe OTMeTHM, YTO NOJIYYCHHbBIC HAMM PeCHTTeHOCTPyKTYyPHBble aH- 
WHBIC yKasbiBaloT Ha TO, 4TO y-Al2Os craOumusupyer TerparoHambHy10 (popMy 


)ZrOz W 3HauNTeNbHO MoBbIWaeT Temiepatypy ee cbasoBoro MpeBpallleHHA B MO- 
( HOKJIMHHY!O (popMy. 


VWnctutyt opranuueckoi xumun um. H. JI. 3enunckoro Tlocrynuao 
AkajlemMunw Hayk CCCP 19 IV 1958 
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XHMHA 


B. A. CMHT, A. B. CEMEHOBCKHA, B. M. MEJIBEEBA u B. ©. KY4EPOB 


O XAPAKTEPE WMKJIM3AUMM NCEBAONOHOHA 
HOBbIM METO MOJIYYEHHA «-HOHOHA 


(IIpedcmaeaeno axademuxom B. A. Kasancxum 30 X 1958) 


Visyyennio yCOBuH WAKJIM3alMu MCeBLOMOHOHA NOCBAILCHO OobwIOCe YHCIO 
9KCIePHMEHTAJIbHBIX HCCenoBaHul ('~*), u STHMM paOoTaMH 6blIO MOKa3aHo, 
YTO TOCeBJOHOHOH NO MeHCTBHEM Pas/IMYHbIX KHCJOT MpeBpalllaeTca B CMCCb 
a- w B-HOHOHOB. CooTHOIeHHe OOpasyIOUUXCA a- H B-H3OMEPOB B 3HAYHTC/IbHOM 
CTeNeHH 3aBUCHT OT MPUPOAH! WuKIusyrollero arenta. B nacTosmmee Bpema OOmle- 
IIpH3HaHO, YTO AA NoMyyeHuA B-HOHOHA CMelMPvYeCKHM WHKIH3YIOWHM areH- 
TOM SABJIACTCH KOHICHTPHPOBaHHad CepHad KHCOTa B pacTBope scdupa IK 
yKCyCHOM KHCOTE, TOF a Kak AIA OJ yYeHUA 4-HOHOHA HY2KHO npumMenaTD60 % -Hy!0 
cepHy!o usm occopHy!0 KHCJIOTEI HIM JIyye BCero — TpexdTopucrTsili Oop. 


Oyuako anamu3 OobWIOTO WUTepaTYPHOTO MaTepHada NO WHKIH3alHu pasHo- 
OOpasHbIX H30MPeCHOHAHbIX COCAMHEHHH MO3BONAeT MPeANOOXRKUTb, YTO He- 
3aBHCHMO OT MpHpOsb! areHTa NOUTH BO BCex CJIyYaAX NM€PBOHAavaJIbHbIM TIpOyK 
TOM peaklinw ABJAeTCA a-n30mep (* 7%), KoTOpbIii B JasIbHeHWIeM MpH WelcTBHK 
KHCJIbIX aPeHTOB coco6eH MpeBpallaTbcaA B Oomee ycTOHUYMBy!O CONPAxKeHHY!IO 
cuctemy $-n3somepa (4,15). B cooTBetcTBHM c 9THM CheWwuduyeckul xapaKTep. 
HeHCTBUA Pa3JIMYHbIX WHKJIM3YIOWMX AaFCHTOB JOJKeEH CBOAMTbCA TObKO K HX 
Combe WIM MCHbINeH CNOCOOHOCTH K H3OMePpH3allHH NMe€pBOHAYaJIbHO OOpasyi0- 
meroch a-H30Mepa. 

C meibio SKCNepHMCHTAIbHOTO NOATBEPKAeCHUA STOTO NpeANOIOReHHA HAM 
Oba H8y4eHa WMKIM3aUHA MCeBOMOHOHA MO WelicrBueM CepHOH KUCJOTHI IPH 
pa3JIMUHbIX Temnepatypax (or +60 yo —60°). B KkauectBe WHKIHB3yrollero areuTa 
mpumensasacb 100% -Haa cepHad KuCMOTAa, KOTOpas aeT HAMMCHbIUee KOMMUECTBO: 
MOOOUHBIX NposyKToB. Bo Bcex onbiraxX B KavecTBe pacTBOpuTeell ynoTpebmA- 
JIMCb HUTPOMCTaH HIM HUTPONponan, KOTOpbie OOaqaoT HUSKOL TemnepaTypolt 
3aM€p3aHHsl MW CNOCOOHBI XOPOLIO pacTBOpATh CepHy!toO KHCOTY. CraHwapTHas Me- 
TOMMKA MPOBCCHHA ONBITOB 3aKJIOVaaCb B CeyIouleM: K pacTBopy 15 mu cep- 
HOH KHCOTbI B 20 MI HHTpOMeTaHa pH NepememmBaHHU npHOaBranu 10 Pr 
icepwononona. Temmepatypa npopeqenua peakiluH BO BpeMaA mpHOaBseHuA ui 
TIpH mocenyiouleH  BbIepKKe peryMpOBalach HapyXHbIM OXNAxKTeHHeM. 
Peakumonnylo Maccy (KpacHad TOMOreHHad 2KHKOCTb) BbIMBAIH Tipu mepeme- 
IUMBaHHN B cMech 200 Ma JeqaHOH BoE! u 150 Ma nerpomelinoro supa. Hocae 
OKCTPaKIMMH, MPOMbIBaHUA PaCTBOPOM OnKapOoHaTa HaTpus, CyWIKH HM OTTOHKH 
PaCTBOPUTeIA OCTATOK NyTeM NeperoHKH B BaKyyMe OTLeMANH OT CMOMNCTOrO 
octaTKa. JluctuinaT 6e3 NONONMHUTeNbHOH OUNCTKH aHaJIM3HPOBaJIM Ha cojep2Ka- 
Hue a- 4 B-HOHOHA NO y.-d. cnektpam*. KonnuectBo 8-H30Mepa OnpeneaH 10 
MHTCHCHBHOCTH XapPaKTepHOrO JIM HeETO MaKCHMyMa Horvonlenua mpH 296 My: 


*“ Cuektpbl CHuMasHcb np yuacruu T. M. Paneesoit. 
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=10700), a konuuectBo &%-H30M€Ppa—NoO HHTCHCHBHOCTH NOPsOULeHHA B OOAaCTH 
j2—227 me (¢ = 14200) c yuerom neConbmoro NOTIOWLCHHA B 3TOH OGacTH, 
TOPbIM OOaaeT B-vHOHOH (¢ = 6500). Kak Ono noKa3ano c IIOMOLbIO aHa- 
34 3aBeJOMbIX CMeceH, OlmNOKa B OMpeneneHHu KONHUeCTBA H30MEPHbIX HOHO- 
jB STHM METOOM He MpeBbiinaer -- 2%. B orfembHbix cyyaax uncrota o6pa- 
jOULMXCA o&- H B-HOHOHOB NOMTBEPXK Malach MO BOSMOXKHOCTH KOMH4ECTBCHHBIM 
ENICHHEM MX KPHCTAJIVIMYeCKHX MPOH3BONHEIX. 


Ta6auna 14 


} i] ’ } 
oak iS ee ¥Y.-d. cmekTppi, ¢ CojepxxaHHe B cMecH, % 
Ke O = leieose 
BoES ° el] Hog 
gf 28 ei alee 
& ds S 2 = FE : P A = 226 mv. |A = 296 mu &-HOHOH B-H“oHOH 
6:4 +10 S 70 6875 40160 5 95 
0 2 13) 8050 8800 19 82 
oT—35 yo—40 | 3 90 42500 2980 72 28 
oT—35 2o—40 |300} 72 6330 9550 4 89 
—60 60} 75 43200 1700 86 16 
Pah +10 3 85 10690 4050 59 38 
—30 4 80 13400 4730 88 16 
h —30 180} 80 12420 2130 79 20 
Atl. +10 3} 83 11050 2780 67 26 
0 5) 73 — — L[ukan3anus mpomia He- 
MOJIHOCTbIO 
—10 50} 80 40800 2610 66 | 24 
0,4:4 +410 3 83 — — Ilonnoctb1io pereHepHpoBan 
TICeBJOHOHOH 
+30 3 78 — — Lyvksauna mponia He- 
IOJIHOCTbIO 
+60 2 62 7350 2880 
| AeA, —40 5 83 42810 2070 82 49 
=| 95% H +10 4 85 6000 6400 15 60 
oe —A0) il 83 13250 | 1740 87 16 


* OnpbiT B HuTponponaHe. ** 95%-Haa H2SO,4 


Tlonyuennple pesybTaTb! MpuBerzeHb! B Ta. 1. Kak BuO H3 STHX JaHHbIX, 
OTHOLMEHHE OOpasylollUxca a- H B-HOHOHOB WeJIMKOM OMpeesAeTCA yCJIOBHAME 
[KM3allnu, T. €. BPCMeHEM, TeMMepaTypOH HW KOJINYCCTBOM CePHOM KHCJIOTHI. 
DH MpoBpeseHuH peakiuu mpu —60° nosyyatoulMlica NMpoAyKT NOYTH He Co- 
pxKUT B-HOHOHA LaxKe Np NPOOMKUTeEbHOM BpeMeHH peakuyu (onbiT Ne 5). 
TEM 2K KOJIMUECTBOM CepHOl KHCOTHI (6 MOM. Ha MOJIb NceBROMOHOHAa) MpH 
40° MoxHO NOsy4aTb B 34BUCHMOCTH OT BPeMeHH PeaKIHH CMeCH C MpeHMyLecT- 
HHBbIM COfepxkaHveM a-HoHOHa (onpir Ne 3) win $-noHOHa (onbiT Ne 4), npu- 
M IIpH STO TemMMepaType MOXHOC yCMeXOM MpoBOsNTb peakunto c 95%-HOii 
puoi Kucaotoli (onpit Ne 17). C noppimenuem TemnepaTypbl WHKIN3alMn Ha- 
joylaetca peskoe yBemmueHne OOpasoBanusA B-MOHOHA, H IIpH +10° jaxe mpu 
[HUM@JIbHOM BpeMeHH peakMn B OOpasyloljelica CMeCH NipaKTHYeECKH HE CO- 
pskutca a-noHoHa (onbir Ne 1) 

Vismenutb coorHomenne a- 4 B-H30Mepa MOXKHO TaKHKEe BAPbUuPyA KOMUyeCT- 
‘Wuksusytoero arenta. Tak, lp yMCHbIeCHHH KOJIMYeCTBa CEPHOH KHCAOTHI 
1 Mona Ha Mowb ricepyovoHoHna Jaxe mpu +10" B MpofyKTe Unk sNsalHH Co- 
pxKUuTCA Jo 67% a-voHona (onbit Ne 9). Jlanbueitimee CHM>KeHHe KOJMUECTBA 
JHOM KucOTHI (10 0,4 Moss) BeZeT K OOpasOBaHHio CMECCH C TPCHMYULCCTBCHHBIM 
.ep2KaHHeM &-HOHOHA JlaxKe pH +60° (onpit No 14). YBemnyenue kouMuecTBAa 
HOH KuCAOTHI (10 11 Mou.) He MPHBOAUT K CYINeCCTBEHHOMY HSMCHEHHIO CO- 
jouenna a- u 8-ugomepos npu —40° (onbit Ne 15). 

PaccmorpeHHble BbIIMe Pe3yJIbTATbI NOKASbIBAIOT, UTO MCPBOHATa/IbHDIM sea 
3HBIM IIPOUyKTOM PeakUMH WHKJINSAaILHM MCEBAOHOHOHA AB/IACTCH a-HOHOH. a 
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yaloCb MOLTBePAWTb Mp usyweHHH ycJloBHit ero HSOMepHsallHu B 8-HOH 
(ra6n. 2). Kak u caleqoBaso OxkuAaTb, HaGOMaeTCA MOJIHOe COOTBETCTBHE Mex, 


Ta6nmuna 2 


Y.-. CMeEKTPbI, & CojepaHHe, B CMeCH, © 
Ne Cepnaa KUCNO- | T.pa, | & Bpixog mepe- 
ae tate: Loree A ae ate Da A = 226 mu. |A = 296 Mu. | o&-HOHOH B-HOHOH 
ns 

fi C4 | 102 82 7800 8500 18 80 

2 0 30 90 8420 7090 29 66 

S —40.| 5 95 41700 2400 73 22 

4 A070 85 8400 7410 28 69 

OD —40 | 180 95 6320 9250 4 87 

6 —60 | 600 86 42600 880 87 8 

7 Pail —30 | 180 90 43290 1310 89 42 

8 AeA 410) | & 82 13400 1400 91 40 

9 Leis 40 | 40 88 14300 — 100 — 
10 BA +40 | 120 92 13800 - 100 — 


* 60%-nan HpSOy. ** 85%-Haa HgPOg. 


BbIXOLaMH B-HOHOHA IPH WHKIH38aWHH VM CTeEMCHbIO H3OMePH3allMH &-HOHOHA | 
8-u30Mep B OJMHAKOBbIX YCIOBHAX MpOBeeHHA peakILHH. 

Vsomepu3allua &-HOHOHA B B-HOHOH ObICTPO HU MOJIHO MpOTeKaeT TOJIbKO Mp} 
OBbILICHHBIX TeMmepatypax (onpiTH! Ne 1 u 2) u TpeOyer 3HauNTeIbHOrO BpeMeHy 
JWIA 3aBePIeHHA TPH HU3KUX TemMMepatypax (onpiTE! NeNe 4 u 5). Marepecuo, 4? 
mpu —60° yyaeTcd MOUTH MOMHOCTbIO HCKJNOUHTb 3TY H3OMepH3allHtO (OMbI} 
No 6), Tora KaK WMKIM3alluA Mpu 2STOH TeMMepaType UeT JocTaTOUHO ObICTpG 
YMeCHBILNEHHE KOJMUCCTBA KHCOTEI 20 1 MOA Ha MOJIb 4-HOHOHA MOMaBAe 
W30MepHsallulo Jake mpu +10° (onprr Ne 8). WochopHaa KucnoTa u 60%-Ha: 
cepHad KHCJIOTa He CMOCOOHKI BBI3bIBATh H3OMePH3allHiO &-HOHOHA B B-HOHO! 
axe mpu Temmepatypax yo +40°* (onprrpr NeoNe 9 u 10). 

TlomyueHHble HaMH JaHHbIe OLHO3HAUHO OKAa3bIBaIOT, YTO Me€PpBHUHIM MPC! 
WeCCOM TIPH WHKIHSAaLMM MCeBOHOHOHA ABNAeTCSH OOPasOBaHHe a-HOHOHA, KO 
TOPbIM, B 3€BHCHMOCTH OT yCJIOBHH MpOBeeHHA peakIHH, cMocoOeH B TOM HUE 
MHOH CTeMeHH H3OMepHsOBaTECA B B-HOHOH. Takum OOpasom, peakituH 06paso 
BaHUA STHX UZOMEPOB ABJIAIOTCA HE NapaJIeIbHbBIMH, KaK PaHee Mpesnonarasocy 
a NOCeAOBAaTeIbHbIMH PeaKIMAMH, HW CHeUMPMUYHOCTh WHKIU3yIOulero areHT: 
CBOJMTCA TOJIbKO K CTeN€HH efO H30MepH3yIollero elcTBHA. 

PaspaOoTaHHbili HaMH MeTO] WHKIN3alNH MCeBLONOHOHA ABAeTCA YOOHBIN 
IpelapaTHBHbIM MeTOAOM NOJyueHHA B-HOHOHA MH OCOOCHHO &-HOHOHA H MOE’ 
OKa3aTbCA IWeHHbIM TakKxKe JWI MOWYYeHUA a-HpoHa. 


VWucrutyt opranuyeckoit xumuu um. H. JI. 3enunckoro Tloctymuuio 
Axayemuu HayK CCCP 24 X 1958 
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Yculosus, pekomenyjonannpe Hasom (*) 41a Momyuenua 4-voHOHAa. 
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XHMHA 


M. C. ®YPMAH, A. JJ. WECTAKOBA, H. Jl. APECT-AKYBOBHY 
u H. A. JHOBHIbIHA 


OKHCJIEHHE 4-BYTAHA B PACTBOPE YKCYCHOM KUCJIOTHI 
BO3YXOM NO}, JABJIEHHEM 


(Tpedcmaenexno axademukom C. H. Boavodkoeusem 8 X 1958) 


Bonpocy rasocda3Horo oKuceHHA OyTaHa NOcBAILeH PA UucceqoBaHuii 
(*). XapakTepHbim WIA TOTO Mporecca ABIAeTCA OOPasOBaHHe C/O2*HOH TaMMBI 
KHMCJIOPOJCOMepKallnX COCAHHEHHH (MeTAaHOUJ, 9TAHOM, (bOpMaNbAerul, alleTaJb- 
Weruf, HH3UIMe KapOOHOBbIe KUCJOTHI, alleTOH, NPOAyKTb! UX B3aMMOeHCTBHA). 


Tako wupoKkuit Ha6op KucmopomcoxepxKalux CoeqMHeHHi ONpemeAeTcA TeM, 
4YTO Tasoda3Hoe OKHCJIeHHe 


OyTaHa ocylecTBIAeTCsH Tp 


= 
OTHOCHTEJIbHO BbICOKHX TeM- S 
Mepatypax (350—400°) 'y ¢/fe 
| NOCJIEIHHe TOI B JIH- sy g 
TepaTy pe NOABHJINCb CoodmLe- 8 20, 100 
Hua (*-8), H3 KOTOPBIX cJe- 8 
WyeT, 4TO OKUCJIeHHE yrvleBO- S200} 75 


OPOAOB MOX*KeT ObITb OCcy- 
ILeCCTBJICHO Oosee CEJIEKTHBHO 
M «MATKO» B XKUAKOH case 
nO TaBsIeHHeM. 

Oco6eHHoO OouIbIOH WHTe- 
pec lIpesqcTaBJIaeT *KHKO- 
tba3Hoe OKUCJIeHHe H-OyTaHa, 
Tak KaK M3 Hero, corlacHo 
MMCIOULMMCA JaHHbIM, MOLyT 
ObITb MOJIYYCHbI IWeHHbIe Op- 
TaHHYeCKHe TIPOyKTbI: yK- 
cyCHad KUCOTAa, ITHJalleTatT 


Bees re REDON: 6 Puc. 1. Bauaune cKopocTH Bo3iyliHoro MoTOKa Ha Ipo- 
Kak cielyeT U3 ONYOH- mecc OKHCAeHHA H-OyTaHa B pacTBOpHTee MPH PasHbix 
KOBAHHbIX KPaTKHX coooure- pemmepatypax. Jlapnenne 60 aTM.; MpoOIKUTeCIbHOCTh 
HHH, 2KULKOPas Hoe OKHCJIC- ombita 6 uac.; KOHYeCTBO KaTaIW3aTopa lee aetetss 
Hue OyTaHa MOXET ObITb OCy- 6anbta) 0,018% of seca pacTsopuTena. / — ykCcy 


= 4 
i Kucnota, 2 — 9THJaleTaT, 3 — MeTHJSTHAKeTOH, 
ee evo tuo tas PONTE cyMMa Movle3HbIX MpoOAyKTOB, 5 — KQJIHYCCTBO TIpopea- 
DaTy pax HUKe KPHTHUCCKON rHpoBaBlulero OyTaHa; a— 165 5 6 — 150 


remnepatypbi Oyrawa (7k = ; 
HMeHeCHHeM 
= 152°) (3,5), m60 npn TemmepaTypax BBIMIe KPpHTHYeCKOM C IP 
6-8 
pactBoputeia (°°). 

Bropoli yTb mpescrapusica HauOosee MepCneKTHBHDIM, Tak Kak TPHMCHCHHC 
DACTBOPHTeIA MO3BONAeT BEIT H3 y3KOrO TeMMepaTyPHOrO HHTEPBaa TiPO- 
IHKTOBAHHOrO KpUTHYeCKOli TeMMepaTypoli, M WIMPOKO BaPbUpOBAaTb CKOPOCTb 
Tpomecca OKHCJICHHA. 

: B KavectBe pacTBOpUTeA MOXKHO HCMOMb3OBaTb OPraHHICCKY!O 2HAKOCTH, 
AHepTHYIO K OKHCJIeHHIO B yCOBHAX Mpouecca H pacTBOpsIOULy10 OyTaH. 
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Most ocTaHoBHuIH CBol BEIGOp Ha yKCyCHOH KucJoTe, KOTOpaA ABJIACTCA TIPO 
KTOM OKHCJICHHA OyTaHa. 
ou Buecte C TEM H3BECTHO, UTO YBEMYCHUIO CKOPOCTH OKUCJICHHA eee 
JOB B %KUAKOH case cnocoOcTByIOT KaTaJIM3aTOpbl — COMM METAJWIOB Mep 
i X KUCJIOT. 
HOH BaJIGHTHOCTH HM OpraHHuecKH | 
OnbiTbl NO *KHAKOPasHOMy OKHCJICHHIO n-OyTaHa B pacTBopuTese npn 
JIMCb B COCYJ€ THMa aBTOKaBa 3 HepwKaBelouleH CTaH CO BCTABHbIM THTaH ae 
cTakaHOM, paOoTarouluM Tox, ByXCTOPOHHHM JaBsCHHEM, TO MO3BOJIHJIO 
HOCTbIO YCTPpaHHTb KOpposHlo 


2 > | HW KaTaJluTHYeCKOe nencTBu 
‘8 | Late w\ YSCYCHOKNCIbIX comet Me- 
Fe ----0 s%  TaJJIOB, OOpasylolluxcaA pK 
= S  Kopposuu cTeHOK peaKkIMoH- 
Sak 78 woro amnapata. Oxucsenne 
3 5 | §  ocymecraianoch BOo3yxoM. 
8 S Jlo nauana peakiuu B peak- 
S 50 as TOp momemaocb 170 r H-6y- 
8 S tana, 170 r meqaHoi yxcye- 
S 4 a8 Hol KucNOTHI uM HeEOOxOZMMOe 
a S  KoMYeCTBO KaTasMsaTopa, B 
S : S cmyyae KaTaJIMTHYeCKOTO 
'S i 0 § nposeyenna mpouecca. B Te 
EN ae eee > | § weHHe onbira B  peakTope 
= 2~3 | S  momepxuBaocb NOcTOAHHOe 
§ a ar a ON KOIMUeCTBO H-OyTaHa IyTeM 


Chopocins bostyunoen nomoka ——= JIONOJIHHTeEIbHOrO JO3UPOBa: 
HHA Takoro KOAMYeCTBa Oy- 

Puc. 2. Bauanve cKopocTH Bo3fyuIHoro MoToKa Ha Ka- TaHa, KOTOPOe BCTyNaeT B 

TaNMTHYECKH M HEKATAIMTMYeCKHM Mpomecch! OKHCeHMA  peaKIIMIO MH YHOCHTCA C Tra- 

n-OyTaHa B pactsopuTene. JlaBmenue 60 aTM.; Temmepa- 30M 

Typa 165°; mpogxomKuTenbHocTb ombita 6 uac. J — yk- Pp 

cycHad KucnoTa, 2 — sTumaueTaT, 3 — MeTHSTHIKeTOH, : €3yJIbTaTbl HCCIELOBa- 

4 — cyMMa MovlesHbIx MpoxykTos, 5 — KoJIMYecTBO Mpo- HHH OKHCJICHHA H-OyTaHa TIpH 


pearupospaplulero OyTaHa; @ — Cc KaTaNH3aTopoM (cTeapaT TemlepaTypaxX HMKe H BBIINe 
0, £3 ° 
KoOambTa 0,018% oT seca pacTBopHTena), ,6 — 6e3 KPHTH4eCKOH mMpelcTaBseHbt 
KaTasu3aTopa 


Ha pwc. 1. Oxnucnenne mp 


3TOM OCYLILECTBIAIOCb B pa- 
CTBOpe YKCyCHOM KHCJIOTLI B MIpHCyTCTBUM KaTaJIMsaTopa (cTeapaTa KO6ambTAa) 


IpH AaBienun 60 aTM., MpoOfO/OKUTeJIbHOCTH OMbITa 6 4Yac. HW pa3JIMUHbIX CkKOpO- 
CTAX BO3LYIWHOTO MOTOKAa. 

IIpemyuyectBa ocyilecTBeHNA Mpollecca OKMCeHHA H-OyTaHa TIpH TeMme- 
paType BbIlle KpHTHYecKOl BUAHbI MpH paccmMoTpenun puc. 1, yxKa3biBalolle©ro 
Ha pocT lipeppallleHva N-OyTaHa C NOBBIIWeHHeM TemMMepaTypbl H yBesM4eHHe 
BbIXOfla OCHOBHOFO MONesHOrO MpOyKTa peakIMH — YKCYCHOH KHCHOTH. . 

Ha puc. 2 npupeyenbl JaHHble 10 BMAHMIO KaTamu3aTopa (cTeapata ko6aJIbTa) 
Ha MIpOlWecc OKMCeHHA N-OyTaHa pH JaBeHun 60 aTM., Temnepatype 165°, 
MPOLOMKUTENbHOCTH OMlbITa 6 YaC. HM PasJIMUHBIX CKOPOCTAX BO3,yUIHOTO HO- 
toa. H13 rpadpuKxa caeqyer, uTo npuMeHenue KaTanu3aTopa yBenuunBaeT mpeBpa- 
UleHHe OyTava, NOBbIMIaeT BbIXOM, NONCSHBIX NPOAYKTOB uw HanpaBaser mipolece: 
B CTOPOHy MpeHMylecTBeHHOrO OOpa30BaHHA YKCYCHOL KHCJIOTHI. 


YocynapcTBeHHbiit Hay4Ho-nccle OBaTeECKUE 
HM MpOeKTHbI MHCTHTYT as8OTHOH MpOMbIMeHHOCTH 


UMTHPOBAHHAS JIUTEPATYPA 


P.1. Wiezewich, P. K. Frolich, Ind. and Eng. Chem. 26, 267 (1934). 
rae on, J. Lana et al., Canad. J. Chem., 32, 880 (1954)5 > *2E MC a@ M aH, 
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ae 2287125, 1942.6 E.T. Toyape, 4H MexyHap. Herauof Kourpecc, 5, 1956. 
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Hokaann AKkagemun nayr CCCP 
1959. Tom 124, Ne 5 


PH3SHYECKAA XHMHA 


E. E. HAKHTHH 
KOJIEBATEJIBHASA PEJIAKCAUHS JBYXATOMHbIX MOJIEKYJI 


(ITpedcmaeanexno axademuxom B. H. Kondpamoecum 25 X 1958) 


Bonpocam pejakcalluu HepaBHOBecHOl KoeOaTeNbHOlt (PyHKWnH pacmpere- 
JI€HUA B CBASH C TEOPHeH HepaBHOBECHHIX XHMMUECKUX PeaKIMi MOCBALLEH PA 
pador (cm., Hampumep, (1,”)). JLna mogenu rapmounueckoro oclusasatopa (*) 
, BEPOATHOCTH HepexOJOB OObIYHO BHIMHCAIOTCA M10 (popmy.le Jlannay u Tennepa (%) 


Pe. n+1 =k(n+ 1); Pa n+p = 0, Pp > i (1) 


-B KOTOpOH nm OOo03HadaeT HOMep KOJIeOaTebHOrO ypoBHS. 
Jina anrapMonuyeckoro ociMWiaTopa B paOore (?) Oblmo MpHHATO, TO 
| Pn, ntp YROBCTBOPAIOT COOTHOWeHHAM 


Proi=k(ntl)(l+e(nt+ 1; Pony =——(n+1)(n+2); 


(2) 
Pn, ntp = 9, p> 2, 
Tle KoOspPuUMeHT aHrapMOHHM4HOCTH € paBeH ho/4D (w, — ocHOBHaA YacTota 
UByXaTOMHOH MowekysIbl, D — 9Heprua Muccolnalun). 

Pasuune Mexay (1) u (2) o6yc0BmeHO TObKO TeM, UTO MPH BHIMMCeHHH 
BePOATHOCTEeH Mepexofa B MePBOM CJ1y4ae HCNOMb3YIOTCA BOJIHOBbIe (PyHKUMH rap- 
MOHHYECKOPO OCIIMJJIATOpa, a BO BTOPOM — aHrapMoHNyecKoroO. OHaKO JerKo 
1OKa3aTb, YTO u3 tbopMywbI JIaHqay u Temiepa Wid anrapMOHMuecKOro OCLMI- 
aATOpa cileyeT UHad 3ABHCHMOCTb BEPOATHOCTEH Mepexoa OT KOeOAaTeIbHbIX 
KBaHTOBbIX 4UHCEI. 

Cormacuo (°) JuIt OHOKBaHTOBOrO Mepexojja MbI MOXKeM HalivcaTb 


Pa, nar =C(n-+ 1) exp([—3 x (a)]e (3) 


2 ES 
rie BewMunHa x (71) MpOnoplMoHaJIbHa (En +1 — En) /s MW paBHa JIA pa3JIMUHBIX 
i 5 
MOJIEKYJI TIpH OOBISHEIX TemmepaTypax 5-—10 (*), a c He 3aBucuT or n. Jaa 
ocuusistopa Mop3e, KOTOpbIii JOCTaTOYHO TOUHO OMMCbIBAeT ABYXaTOMHYyIO Mo- 


jekyly mph n< 1/2, Mbl MOxeM HallncaTb 


7 4 
(En+1— En) = [hoy (1 — 2 sn)" = (hoy * (1 — 5 M1). (4) 


Tloncrapaaa (4) B (3), omwyraem c 
ae tere oft deve [— 3y (0) +4 yx (0) en] = k(n +1) exp [4x (0) en] = 


=k(n+1) 7", (5) 


orkyya npu ¢ =O caegyer (1). CyulecTBeHHO, OHaKO, YTO JaxKe Mp MawJol 
aHrapMOHMYHOCTH 9KCHOHCHUMAJIbHbIM dWleH B (5) MOxKeT ObITb BeJIMK, IMOCKOVJIb- 


Ky x (0) — cpaBHuTeJIbHO OOsbINaA BeMUMHa. rs 
Tl MHOroKBaHTOBbIX TepexOJOB —> 1 + P BePOATHOCTb Pn, n4 p TMIpOnopuu- 
OHaJlbHa MHOmKUTemO 6? —~1exp[— 3px] MH Ha MHOrO MOpsAKOB MeHbIle Bepo- 
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aTHOCTH Pn, n+41- Takum O6pasoM, C OCTaTOUHOA TOUHOCTbIO MbI MO2XKEM TO 
ylaraTb 


Pee, ea (6 


Tlockouibky BbIpaxkeHua (5) u (6) CyllecTBeHHO OTMMUAaIOTCH OT (1) u (2) 
culeyeT OXKUJaTb, YTO pesaKcallMA CHCTeMbI aHraPMOHMYECKHX OCILMJIATOPO 
3HAUMTeJIbHO OTIMUaeTCH OT pewakCallMd CHCTeMbl TapMOHHYeCKHX OCIMJLWIATO 
pos. OTMeTHM, 4TO B paOoTe (”) ObIM CfeaH NPOTHBONOJIOXKHBI BbIBON. 

Pesakcallua KOvIeOaTesbHOK yHKUMH pactipeevleHHs Xn (t) aHrapmMounye 
CKOFO OCIMJWIATOpa OMMCbIBAeTCA CHCTeMOH ypaBHeHHu 


d 

at Xn (t) = x Bam Xm (t), (7) 
B KOTOPOM SJIeMeHTbI MaTpHIbI B BbIpaxKaloTcH Yepes BepOATHOCTH Mepexojo 
(5) u (6). Mpu6nuxKenve x, (t) K PaBHOBeCHIO MOXCT ObITb OXapakTePH3OBaHO 
BPeMeHaMH peJlaKcallHv, OnpeeJIeHHbIMM BbIPaxKeHHeM 


[ore} co 


cn= \ tS fen (t)— Xn (coll dt = | [xnl(t) — xn (co) di. (8) 


0 0 


IIpu Takom onpefejenuu t, OYAYT 3aBHCeTb OT HauaJIbHoro pacmpejeJieHuA 
Xn(0). Pacemotpum 6-oOpa3Hoe HavaJbHOe pacmpeyeueHue Xn (0) = Sam W BBE 
JEM COOTBETCTBCHHO OOO3HAUCHHA Tam - BesMUMHbI ty vlad mOOoroO HadaJIbHOrO 


pacnpeylevyieHuA MOryT ObITb BbIPayxKeHb!l B BUC Th = Sia Tam B CHJY JIMHeH- 
m 


HocTH (8). 
Vnterpan tuna (8) MoxkerT 6bITb (bopMaJIbHO BbIpaxkeH vepes MaTpuuy B+ 
(cm., Hamnpumep, (°)). [pa ero dakTwyeckOM BBIUHCJICHHH CJIeqyeT HMETb B 
A 


BHUAy, TO TepBoe (t',) COOCTBeHHOe 3Ha¥eHHe MaTpHbI Bb COOTBETCTBYeT paB- 
HOBeECHOMY paclipesesleHHIO HW PaBHO HYyJIIO, TaK YTO OOpaTHOH MaTpuubt Bt! He 
cyulecTByeT. OqHako 9TY TPYAHOCTb JerKO OOOHTH, eCJIM PacCMOTPeTb BHauase 
pacnaaroulHHcaA OCIMIIATOP C KOHCYHBIM YHCJIOM AHCKPeTHbIX YPOBHeH MH 3aTeM 
YCTPeMHTb KOHCTaHTY CKOpocTH paciiaya K Hys10. TakuM [yTeM Ha OCHOBa- 
Hun (8) JerKO NOJYYNTh BbIpaKeHHe 


Tam = lim [Bam (Yo) — Xn (00) / Pol. (9) 


Uo >0 


Cnenya mpu BpruncsieHun B pa6ore (5) u nomb3syicb AIA pw paHee nosy-- 
YeHHBIM BbIparxkeHHem (°), HeTpyQHO MOKa3aTb, YTO MpH n, m1 


= exp (— ee cer , 
Tam exp ( E,/RT) vel ae j4+-1 &XP (— E|/ RT) ° n < m; 
m (10). 
Tam = eXp (— E. f 239 \ 4 
p( /RT) Pay Pi y44 XP (— ERT) * ni im. 


Togcrapana B (10) Pj, j4, 43 (5) w nonaraa upn j<<1/2e ho () (Ries 
= hwoj/kT = 0j, nonyuum 
San {EL — exp (—S)] yr (n+ 1) At -40(4), n<m; 


(11) 
Tam = {1 “— ¥ exp (= 9)] sa (m cis ey exp [9 (m at n)) oi O (=), n> m. 


J Ta 
Ma PMOHHYECKOTO OCHHJINATOpa (T. e. MpH © = 0) BeHYMHEI tam (11) co- 


BrialaloT C BBINMCJeHHBIMA paHee B paOote (7) APyrHM MeTOOM. 
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IIpu n,m~ 1 Benmunypt thm yxKe He onpejleJsoTcs BbIpaxkeHuamu (10) 
{i (11). Bonee toro, npu n nopsyxa necKompKux C€]MHAL, tym CTAaHOBATCA 
WTpHUAaTeAbHBIMH. OTO OsHayaeT, UTO, MpHOMKaACch K PpaBHoBecnio, (pyHKUHNA 
MaciipeyeseHHA Ha HWKHHX KOJIeOaTeJIbHbIX YPOBHAX OCTaeTCA MeHBUIe paBHo- 

secHoH. Mamenenve 3Haka thm MPH MaJIbIx n culeqyeT TakyKe 43 YCJIOBMA HOp- 


: 
AMPOBKH Pen =i i\s 


B KauectBe npHMeneHua BbIparKenuti (11) PacCMOTPHM peakIHIO KOVIeOa- 
f€NbHOW Me3aKTHBAalMH MOJICKYJIbI KUCIOpora 


O; (n) + No 03 (2 —1) + No, (12) 


usyuenHyio Hoppumem u corp. (8) mpy MMNYJIbCHOM (POTOJIM3e€ JBYOKHCH 
xXuopa. KoneOatesbHan pewlakcallust MoseKyJ KUCNOpoja B peakuun (12) c Ha- 
MaJIbHbIM o-pacnipejevieHweM fpH m= 8, npiOnmKeHHO oTBeuaIoLeM 9KCepH- 
MeHTAJIbHEIM YCJIOBUIM OOpasoBanuA O, Obila paccmorpeHa lynepom (°) Ha 
OCHOBaHHM MOeJIM rapMoHHYeckoro ocuHIATOpa. IIpy stom oKa3asiocb, 4TO 
PaccuMTaHHoe BpeMA NoJlypacnayla saceJleHHOCTH iWecToro ypoBHA mpumMepHo 
Ha MOp#10K OOVJIbIIe SKCNepHMeHTabHOH BeJMYMHEI 2a2%Ke MPH HavBbICIUHXx 
MaBJCHWAX asoTa, MPH KOTOpbIX MpoBoyusica onbir (—~600 mm). Ha 9Tom 
OCHOBaHHH CJlefoBano (°), YTo peakuuA (12) He MoOxKeT KOHKYpHpoBaTb C Ma- 
paJJeJbHOH peakUveH esaKTHBalMA KHCIOpona 


On7)-- ClO 0,71) clo) (13) 


Corsacuo (8) sTo s3akJIOUeHHe clipaBeIHBO B UCCJIeOBaHHOM UHTepBasie 
japseHui No. 

IIpu pacuete tam cieqyer, O1Hako, IpHHATb BO BHUMaHHe aHrapMOHHUHOCTD 
KosleOaHHi MoviekyJIbI O,. M13 (11) caenyer 


Thm (capam)/ “nm <=", A <m, (14) 


TAC Tam (rapm) — BPCMA PpesiakcallMH JIA TapMonHyeckoro ocuHIAATOpa. Toump- 
3yicb pacuerom Illsapua u Tepudemya (*), a rakxKe cnekTpockonMyecKuMn 
JaHHbIMH JIA MOJeKyJbI KMcOpoga (1°), mowyyaem y (0) = 10 (T = 288°K), 
®) = 1580 cm ?, D= 118 xkan/Monmb, oTkya HaxoquM 4y (0)e~?/, u 


Pestnapwy| “ee ea Ue (15) 


TakuM oOO6pa30M, OKa3biBaeTCH, YTO MpH JaBJleHun N, 6ospbue 600 mM 
peaxunsa (12) MoxkeT KOHKypupoBaTb c peaKkunelii (13). 

Ucnosp3ya BpeMeHa pewakcallHH tam, MO2KHO CpaBHUTeJIbHO MpocTo pac- 
CUHTaTb BpeMA pewlaKcalluH Kakoli-sm60 (PusHYeCKOH BeJIMUHELI, XapakTe pusyio- 
weli Monekysly. PaccuuTaem, HalpuMep, BpeMA peJlaKcalluH KoOJleOaTeJIbHOL 
SHEPrHv, OMpeeeHHOe BbIPaxKeHHeM: 


CO 

EG) = E (eo) 4 1 | 

eS riasney ¢ 7 FOSS) pa (16) 
Tlonaran 1< m<1/2e, MbI MO?KEM MmpH6W2KeHHO HanucaTb Ey, = hoon 

WM rpeHeOpeyb HETOYHOCTbIO, BHOCHMOH B CYMMY (16) ABYMsI-TpeMa ee uepoe 

yJleHaMH HM CBA3aHHOH C HeMPpHMeHHMOCTHIO BbIpParKeHHH (11) npu n~l. Jas 

MPOCTOThI MpeAMOOX%xKUM TakKe, ITO exp(—9)<_1, Tak uTo pape 

YObIBaIOLNHMH UIeHaMH = CYMMBI (16) mpa nm >m MoxHO Mpeneopeyb. Torya 


E (0) — E (00) ~ hwom U 


Ma AWofltam —~ ms ho [1 — x exp (— 9) n+1 ‘eae (17) 
Pe n=0 


1087 


Vs (16) u (17) momyyaem c TOUHOCTHIO NO YleHOB NopAyKa 1/m? 


m 


4 1—vy_ 
2 att Ween gs 0) rrr 


lia rapMonwueckoro ocuMsuatopa y= 1, a (18) mpHHumaeT Burg 
te = {k[1 —exp(—9)]} +. ( 


Takum o6pa3om, Jia pelakcalluu KoueOaTeIbHOH SHEP TapMOHHYECKOr’ 
OCIMIATOpa MomyyaeTcA XOPOUWIO U3BeCTHBIM pesyJbTAaT: BpeMA peakcallM 
He 3aBHCHT OT Hava/lbHOrO pacnpesemenua (*). OTMeTHM Tak2Ke, YTO B 9TOM CA 
yae lipHOMxKeHHad (opmywia (19) copnaqaeT C TOUHBIM BbIPayKeHHeM JIA Bpe 
Meu penaxcauuu (%). Jia aHrapMonMyecKOro OCIMIATOpa BpeMA peJlaKCa! 
WMH KoNeOaTeIbHOH SHePruH yMeHbIWaeTCA C YBEMYCHHEM ZHEPrHU B HauaJb 
HbIfi MOMeHT BpemeHH. Hanuune TaKOH 3aBMCHMOCTH O3HauaeT, YTO Peakcalu 
KOMeOATEIbHOH SHEPrMH AHTaPMOHHUYECKOPO OCIMIATOpa He MOKET OMMCHI 
BaTbcaA JudppepeHUHaJIbHbIM YPaBHEHHeM 

oF = [E—E(~)]. (20) 


dt tre 


Buipaxato OuarogapHoctb nupod. H. Jl. Coxonosy 3a oOcyxxeHue padorel.| 


Muctuty?T xumMuyeckol dv3Hku Tloctynuso 
Akamemuu Hayk CCCP 22. X* 1958 
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Jloxaangn Akagemun Hayk CCCP 
1959. Tom 124, M5 


DHSHYECKAAT XHMHA 
JI. JI. CTPH)KAK, C. Fr. AEMHJEHKO 
4 useH-Koppecnonjent AH CCCP A. H. BPOJICKMM 


WSOTONHbIM OBMEH A3OTA ME)KAY AMHMHOCOEHHEHHAMH 
MW OWKUAKHM AMMVAKOM 


__ Msoronupiii oOmMeH asora ocraerca Jo HacTosilero BpemeHu MaJIOH3 YUCHHbIM 
1). B uacrnoctu, Malo BHUMaHUA ObWIO yqeneHO OOMeHY ero B OpraHHyeckux 
COCIMHCHHAX, AMMHAKE HW ETO MpoOusBoHbIX. He Opii0 OOHapy2KeHO 3amMeTHOrO 
/0OMeHa B PacTBOpaX ME?Ky MOHOM aMMOHHA M MOHOM HuTpata (2), MExKy am- 
}MMaKOM MH PxZOM aMMHOKHCUIOT (*), a TAaKKE M@XKy XJIOPHCTLIM AaMMOHHEM H 
(HEKOTOPHIMH NepBHYHbIMA M BTOPHUHbIMH apomaTuueckumn amuHamn (4). 


ar all aa = 


RS 


Ss 


= Se. 
a 
S 
D 


-\n(?-Z) 


is 
S 
SS 


S 
SS 


0 1 EB oy 4 4ab 


Puc. 1. 3asucumoctb — In (1—z), rae z — Puc. 2. See T In ee of Bpe- 

ola O6MeHa, OT BpemeHH. / — TpHXxsJop- MeHH Jit MoueBHHbI: J — pH ee pH 
ronan, ey nea 150°; 90°, 8—apn 100°; 4 —B 1,0 N NHC! 

38—yperan, 140°, 4 — 2,4,6-rTpuHuTpo- mpu 100 

anusmun, 100°; 5 — n-HuTpo6ex3amug, 180 


JIA opranvueckolt XMMHU a30TCOReprKalluX CoeKMHeEHHH ocoOpili uNTepec 
MpelcTapiser u3y4eHHe 3aBHCHMOCTH TMOJBH2KHOCTH aMHHO- WM MMHHOrpynn 
oT cTpoenua. C STOH Lebo MbI MIpeANPHHAIM U3yYeHHe OOMeHA a30Ta MeXxKILy 
BeCILCCTBAMH, COMep2KalllMMH TakHe Fpyrilbl, H AHAKHM aMMHaKOM. KauectBeu- 
HbIe JaHHbIe WIA pala STHX COeCAMHEHHH, a TaKxKe MpeLBapHTebHble aHHble 
m0 KHHeTHKe OOMeHa B HeKOTOPbIX H3 HHX ObWIH OilyOJIMKOBaHbI HaMH pa- 
nee (5), B HacTonmel CTaTbe IPpHBOAATCA HOBbIC PESyJIbTATbI OOMee TOUHOLO U3y- 
YeHHA KHHeETHKH OOMeHa HM €FO KHCJIOTHOFO KaTan3a. OTH HOBbIC JaHHble Haxo- 
ATCA B MOJIHOM CormacHu C MpeAO%KeCHHbIM paHee MeXaHH3MOM OOMeHa. 

Onpirbl 10 u3y4eHHIO OOMeHAa BeVJIHCb CJIe1yIOULHM oGpasom. Ammuak mouy- 
yaJiCA B 9BAKYHPOBAHHOM MpHOope MPH B3aHMOJeHCTBHH a3OTHOKHCJOFO aMMO- 
Hua, Ccoyep»xKanero 8—9% N!°.c KOH, TuateyibHO BbICyWIMBasICA TpexKpat- 
HbIM BbIMOpaxKHBaHHeM M UCiapeHHeM B TPex MNOCMENOBATEMDHBIX JIOBYUIKax, 
OXJIaxKIaeMbIX 2KHJIKUM BO3]YXOM, H coOupaJica B COcyy (WIA xpaHeHua. 
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OnbiTbI MpOBOAWIHCb B TOJICTOCTCHHbIX aMMyax H3 MOMHOTEHOBOTO erent 
¢ BHYTpeHHUM uametpom 2 — 3 MM. Ammysia C HaBeCKOH OpraHuyeckoro BE 
mlecTBa MpucoeAMHAIacb K MpHOopy, SBakyHpoOBalach, OXxaKNalach *KuAKH 
BO3LYXOM, H paCCUHTAaHHOe KOJIMYeCTBO aMMHaka BbIMOPaxKUBaJlOCb B Hee Hi 
KaluOpoBanHoro oObema. Iloce oTNaWKH WM HarpeBaHHA B TepMocTaTe B TE 
ueHHe 3aaHHOrO BpeMeHH aMMyJia 3aMOpaxKHBaJlaCb, BCKPbIBalaCb H MEpeHo 
cuulacb B TpyOKy, NpncoesMHeHHyW K poopy. B apyryto TpyOxy TOro *Ke px 
6opa BBOLMOCh PaCCUHTAHHOe KOJMYECTBO COMAHOM KHCJIOTHI. O6e mpoOupky 
OxJaxKLaHCh HKUAKUM BO3kyXOM, OTKAYHBAHCb, HM BbIAeAIOWLMNCA MPH Pasi 
MOpaxKHBaHHM aMMMaK MOPsOUlasIcsA KUCJIOTON. | 

Oprannueckoe BelllecTBO NOce OTTOHKH aMMHaka oOpaOaTbIBaIOCb KOHILeH} 
TPRPOBaHHOH CepHOH KHCJIOTOH 0 meTony Kpenbaams, peaKIMOHHaA CMeCH 
HeHTPanv30BalaCb WeNOUbIO, H OOPasylOUMHCs| AMMUAK OTTOHACA B PacTBOPl 
COJIHHOH KHCJIOTHI. | 

O6pasun1 NH,Cl, nonyyennpie u3 aMMHaka HJM OpraHHyecKoro BELLECTBA 
OKHCASIUCb THNOOpOMHTOM HaTpHsA. B BIE AIOWEMCA MPH STOM SJIEMeHTap H 
HOM a30T€ H3OTONHbIM COCTaB OMpeeAJICA MaCC-CIICKTPOMETPHYeCKH C CYM-¥ 
MapHCH OTHOCHTeIbHOM TouHCcThIO 3 — 5%. 

Bee nccieoBaHHble pacTBOpbl Obl pH TemMmepaType OOMeHa TOMOreHHBIMH. 
Toce o6mMeua u OTTOHKH aMMHaKa TeMMepaTy PbI MlaBJICHHA BeULECTB OCTABaJIHCb 
TAKHMH 2Ke, KaK JO onbita. OOmeH B KHCTON cpeze mpoBogusca B 1N NH,Cl1.| 
Tlocnequnii roropusica u3 HCXOWHOrO aMMuaka, cofepxKamuero 8% TaxKeNOrOs 
W30TONAa a30Ta, HW BBOJMWICH B aMIlyJly mepeq 3anosIHeHHeM €€ AMMHAKOM. 

B Mpouwiblx H3MepeHuAX OIA OOMeHa HaXOJHJIaCb MO H83MeHEHHIO COJepxKa- 
uusa N° B aMMuake, ITO HEMOCTaTOUHO TOUHO MPH MaJiOM OOMeHE HI pH Oosb- 
IUOM H36bITKe amMuaka. B mpHBOMMbIX HH*Ke OMbITaX JOA OOMeHa HaXOMJACh. 
Oombuiell YacTbIO M0 coyzepxkaHuto N?° B pacTBOpeHHoM BeulecTBe. B psye onbi- 
TOB H3MepsJIOCb Takxke cogep»xxaHHe N° B amMmuake. 


| 


Ta6Onuna 1 


O6meH B aleTamMHge HW OeH3samuze 


Omen, % O6men, % 
AMHZ, MOT. | AMHZ, MO.) .¢ a a, ae 
Ha 1 MOJIb ae k, vaca || Ha 1 Mob oe k, gyacmt 
NH, Bs no NH;| no amazy NH, a2 no NH} ro amuzy 
> aos 
Anetamug, 180° Beu3amug, 180° 
ne ZO 202 25,0 0,148 1,0 3.0 17,4 Be 0,064 
,0 4,0 39,0 427 0,134 
ri 6.0 |54'5| 56:8 baal NO 1 PHS 23,6 0,057 
’ ’ ’ ’ 0,135 4 @) S @) 
1,0 | 8,5 |67,.0| 70:8 | 07437 8,0 | 39,4] 36,0 | 0,059 
Anuetamug+1,0N NH,Cl, 120° 
? , Beu3amuy+1,0N NH,Cl, 160° 
1,0 | 0,7 | — | 33,3 | 0,578 a ’ 
1,0 Aes 54,4 D050 0,609 Aca) On Ey — 0,809 
0,8 Aes 56,8 02,8 0,614 0,9 Hes 61,4 04,8 0,667 
1,0 2,0 TOs 329 0,635 LEO 2,0 70,2 0,605 


Koucranta cKopoctu uv Momynepnogx o6mena BbIUHCJIAJIMCb, Kak OObIUHO, 
13 MOHOMONECKYIAPHOO ypaBHeHHA, Oe3 NompaBOK Ha KOHLeHTpalluu, KOTOpHIe 
AA AaHHOrO C/ydad MeHbINe oOWMOOK usMepeHuit. V3 puc. 1 u2 BuyHo, YTO 
KHHETHKa OOMeHA TOUHO MOMYHHAeTCA STOMy ypaBHenuto. Bonpuue pa31n4HA 
B CKOPOCTAX OOMeHa HM PaCTBOPHMOCTAX HCKJNOUAH BO3MOXKHOCTS cpaBHeHus 
KHHeTHKH OOMeHA TIpH OMHAKOBbIX TeMMepatTypax u KOHWeHTpaluax. B Kax- 
HOM Cilydae yCIOBUA OMbITa NOLOUPavIMCcb Ha OCHOBAHHH pala IIpe{BapUTeIbHbIX. 
OMBITOB Tak, YTOObI BOSMOXHO ObIIO CONOCTaBeHHe BAMAHHA 3amectuTenelt 
B OMHOTHMHBIX BelllecTBax. KoHleHTpallun NomOupaluch Tak, YTOObI npH TeM- 
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Ta 6 un ifa~ 2 


KouctaHTb! cKopoctu 1 NOJIVNepHoOAbl O6meHa 


Beujectro T-pa\ 2c eer k, waco Gijon nae 
| 
«| pHx Jopauetamuy 29 0,4—0,5 3,6 0,19 
"0 axe + NH,Cl* 25 0,4 NOJHBIA O6MeH 3a 2 MHH. 
m\neramuy . 480 1,0 0,43 Bye. 
<fo xe + NH,Cl 120 0,8—1,0 0,64 14 
»Sen3aMny 480 4. 04,4 0,060 42 
(fo xe +NH,C] 160 0,9—1,0 0,69 1,0 
‘'t-Hutpo6en3amuy 180 0,2 0,19 3,7 
‘fo xe + NH,Cl 480 0,2 pot 0,46 
pera 440 1,0 0,35 2,0 
‘2, 4-,HHUTpoaHH HH 150 0,2 0;53 1,3 
To »%e + NH,C] 150 02 3,6 0,20 
12,4, 6-TpuautpoannanHn £00 0,2—0,3 0,25 2,8 
\Mouesuna 80 1,0 0,037 19 
‘To xe 90 1,0 0,13 5,3 
To xe 100 1,0 0,39 1,8 
1.0 2.9 0.24 


‘To xe + NH,Cl 400 


* Berozy 1,0 N NH,Cl. 


oTHowennio |: 1 ammMuaka u pacTBopenuoro BeujecTtBa. He3Hanne miotHocTeli 
|PACTBOPOB HE MO3BOJMJIO NEPCYHCIHTb BCe KOHCTAHTbI CKOPOCTH JIA CMHOM KOH- 
HeHTpallun. Tako mepecuer u3MeHHJI ObI BEMMYHHbI HEKOTOPbIX H3 HHX He Gouee, 
yem Ha 50%, TO HECYIILeCTBEHHO JIS] PaCCMaTPHBAeMbIX HW2%KE conocTaBJleHHit. 

O6meH B MOveBHHE u3y4asica MpH Tpex TemnepaTypax. KouctauTa cKopoctu 
NOJYHHAeTCA ypaBHeHuio Appennyca c KarkylleHca 9HepruelH akTHBallNH 
30 KKaJ/Momb. : | 

Jia alleTaMujia u OeH3amMufla pesysIbTaTb! W3MepeHHH MpeCTaBJIeHbl 
B TaOm. 1. [Ina pyrux BemjecTB, 3a HeocTaTKOM] MeCcTa, OHH JaHbl MeHee 
mompoOuo Ha puc. | uw 2 u B Tabu. 2. 


O6cyxReHHEe PeSYALTATOB 


B panee omy61HKOBaHHBIX H3MepeHHAX (°), ONO HEHHEIX He bee HO- 
BbIMH JaHHbIMH, Mbi He Halim sameTHOro OOmMeHa pu 200 sa ih Bae 
B O-, f- H M-HUTPOaHMJIMHaX, HHTPOOeHSONe, N-TONYHAMHE, M-aHHsuMHe, OeH- 
3usiamMuHe; mpu 120° 3a 100—200 yac. B O- H N-aMUHOPeHolax, 0-4 pare 
qamunax HCl, n-xmopanuinne, 7-OpoMaHHinne, M-losaHnnHe, FHSHAMIS, 
6ensuauHe HCl, a- u B-HadbTHaMMHax, 4-aMHHOAHTPaXHHOHE, amuse sabes at 
KapOOHOBOH KUCJIOTbI, NHPHAMHE, o- H Pree ee Me€THJIAMHHE : 2 
aTuIaMuHe, 2,4-HHUTpOeHoule H beets A Peep wo ileierons 
Hu3Ma KOHJeHCalHH ApOMaTHYCCKHX aMHH ae, fied SUE 

4) taxxKe He OOHapyxKHIu OOMeHa pu 170—240° 3a 6—30 yac. 

4 ee oe ork famine 6en3anuHe, SeH3-c-Habraiugze u PeHus-a-Had- 
Ch ; 

Us i tentew: cyemyeT, YTO WarxKe B OYCHb IKECTKUX Di Sy ene 
AMMUak He OOMeHUBaeT a30Ta C HHTPOrpyniiion, C secren eB HOR @ Kone 
M, UTO B JlaHHOM culy¥ae HanOoee CYILECTBEHHO, © ma Py rear 
HeTIOcpeICTBeHHO cBagaHa Cc yrviepooM A re ae pan 

O6men B aMuHorpylne BOSHHKaeT pH BBCACHHH B gt Siesta a 

HbIX 3aMeCTHTeIeH, KaK HHTPOrpyilibl u cysib(porpynnbl. p 
94-JMHUTpOaHHJIMHe HW 3HaYHTeIbHO ObICTpee B 

We ciane:Ke 6 HafiqeHo panbure (°), OOmeH oTCyTeTByeT 

2,4,6-TpunutTpoanninne. KaK Obiso ii ah 


p 2-aMHHONMpHAMHe, HO MeJVIeHHO ueT B 5-HUTpPO-2-aMHHONMPHAHHE. O6merH 
raKoKe HaOsloqaerca B CyJbpaHnOBOH HM HadpTHOHOBOH KuCOTAX, Tomy x¢ 
BIIHAHHIO OTPHUATebHbIX 3aMeCTHTeeH Halo NPHMNMCaTb CHJIbHOe YCKOPCHHG 
oOMeHa B TPHX/OpalleTaMUe MO CpaBHeHHIO C alleTaMHAOM H MCHCe CHJIBHOC 
n-HuTpoOen3amuye u 4-HUTpOdraluMuye 10 CpaBHeHHIO C He3aMelIlCHHbIM 
6eH3aMHOM U dpTaJIMMHJOM. 

CpaBHuTebHO ObicTpbiit OOMeH HaOvlIOfaeTCA B TeX BelukecTBaXx, Tle AMHHO- 
rpynna HenocpesCTBeHHO CBA3aHa C CHJIbHO MOJAPHSOBAHHbIM YITJIeCpOOM Kap 
6OHMAbHBIX WIM aHalOrH4AbIx uM rpynm C=X, rye X=O, S usm NH, kak B 
aMulaX KHCOT H B MpousBOHEIX MoveBuHbI. Ilo ckopocru OOMeHa aMHbI KH} 
cnoT OOpa3yloT pad: 


B KOTOPOM NosynepHoy usmeHaetca oT 0,2 uacampu 25° fo 11,5 yac. mpu 180°. 
B 9TOM pale ACHO BAAHO yCKOpeHue OOMeHA C YBEJIHYCHHEM SJICKTPOPHIbHOCTHY 
aToMa yrvlepoya, BbIsbIBaeMOl KaK COMpAXKeHHEM, TaK H HHAYKTHBHBIM 9ippeK- 
TOM OTPHILaTeIbHbIX 3aMeCTHTeNeH B IpylMHpOBKe 


<— C+ — NH, 
ae 


AnaJIOrH4HbIe COOTHOUICHHA HaOsIOLalOTCH B MPOH3BORHbIX MOUeBHHI, Tey 
O6MeH TaKxKe 3aBHCHT OT 3JIeKTPOduIbHOCTH yrulepowa, C KOTOPbIM CBA3aHAa| 
aMuHorpynna. Tak, comocTaBieHHe JaHHbIX TaOwl. 2 C NOJYYeHHbIMH paHee} 
jlaeT 


NH,-CO-NH: > NH2-CS-NH,. u NH2-CO-NH-NH2-HCl > NH2-CNH-NH,-HCl. 


Kak BugHo u3 Ta6. 1 nu 2, OOMeH CHJIbHO yCKOpseTcCA B MpHCyTCTBAH 
MOHA AMMOHHA, KOTOPbIMi, KaK H3BeCTHO, BeeT CeOA B AMMHAKE KaK CHJIbHaA 
KHCOTa. OTO TAaKKEe CBAZAHO C YBEJIMYCHHEM JIECKTPO*PUJIbHOCTH yrulepofla pH 
MIpHCOCAHHEHHH NpoToHa K rpynne C=X. | 

Bce paccMoTpeHHble OcOOeHHOCTH OOMeHa a30Ta B AMHHOCOCAMHEHHAX MOJ- 
HOCTbIO COriacylOTCA C OMMOJICKYJIAPHbIM MexaHH3Mom (SN2) HyKeoduIbHOrO 
3AMEIL€HHA AMHHOrpyNNbl BeWULeCTBa Ha AMHHOrpyllly aMMHakKa C MepeHOCOM 
MpOTOHA OT MOCIeEMHerO K OTULEMIAeMOH aMMHOrpymne: 


N * * 
(GE —= NSH $5 INGG== is Goose —— NH, ——> Nc — NH, + NHs 
Va ye rae 
ie 
Ey Neen ery 


: Kak yxke yKa3bIBal0Cb, 9TOT M€XaHH3M aHasOrH4eH Mpesox%KeHHOMy paHee 
(*) qs KoHJeHCalMH NepBHYHEIX apoMaTHUecKUX aMHHOB BO BTopuuHple. [lo- 
BHAHMOMY, C TEX 2Ke TOUCK 3PCHHA MOXKHO OObACHHTb 3ABHCHMOCTh MOABMXKHOCTH 
aMHHOrpynl OT CTpOCHHA H M€XAaHH3M PsAfla Apyrux peakllWi, CBA3AHHbIX C OT- 
WemleHHeM aMuHOrpymn. 


Wucrutyt dusnueckoit xumun um. JI. B. Ilncap2kepcKoro 


Akajemuu Hayk YCCP Tloctynuto 


3 XI 1958 
UMTHPOBAHHAS JIMATEPATYPA 
vi e 
sity? Rs e Bpoxckul, Xumusx wsotonos, Msn. AH CCCP, 19575 crpse2m 


-lhode, H.C Urey, J: Chem! Ph i 
G.Th ay) . Phys., 7, 34 (1939). ®R. § 
Cf Ritte eee Curalneeda Ati Chem. Soc., 59, 1768 aeay, K. B Cole: ae 
heimer, J. Biol. Chem., 131, 111(1939); V.Vigneaud, S.Simmonds.M. Col 
pe em. 168, 47 ee) ae HB poncxuit, B.A. Peaae p, P. 10. Mein 
; oe: ’ : c WipOm ern, Jel : 
coe eee ee Muk ayxuHu, ne JI. Crpuxak, 7 ine Cyanaee 
DAC heanBare ace “o MOGG) xumuw, M3n. AH CCCP, 1958, eTp. 20; AYE. © Birord sikag 


Wornann Akanemun Hayk CCCP 
1959. Tom 124, M5 


PHSHYECKAA XHMHGA- 


0. A. THMO®EEBHYEBA u Tl. M1. NYPAYEBHY 
NOBEPXHOCTHOE HATSDKEHHE METAJIJIMUECKOPO HHAHSA 
(I]pedcmaeaneno akademuxom H. H. Yepnacevim 25 X 1958) 


_ Llempto nactosuyel paOorbl aBJAIOCh uccieqoBaHHe TeMNepaTyPpHOH 3aBu- 
CHMOCTH IIOB€PXHOCTHOFO HaTs2KCHHA HHMS B CBASH C PellleHHeM HeKOTOPBIX 
BOINPOCOB, BOSHHKIUMX MPH NOYYeHUN MOJTYNPOBOAHUKOBbIX. MaTepHaJoB. 

Ilo-BuquMomy, NepBble CBECHNA O MOBEPXHOCTHOM HaTsXKeHHN HHLNA ObIIn 
NpHBeyenbl B CrpaBOuHHKe MO 2%KMKHM MeTaJam ('). B stoi pabore yKasbl- 

BaJlOCb, UTO HHAMM B UHTepBase 170 — 250° umeer nopepxHocTHOe HaTAKeHHe, 
papHoe 340 yun/cmM. : | ; 

B padore (*) Menopy u Xop cooOmator, uro ¢ NoMOMbIO ycoBepLeHCTBO- 

'BaHHOFO MeTOJa JBYX KallMJIJIAPOB UMH Oba Haiijqena B MHTepBawie oT 156 
(qo ~ 400° smHeliHad 3aBMCHMOCTb NOBepXHOCTHOrO HaTAKeHHA o HHUA 
| OT TemMepaTypbI 
s = 574,7 — 0,107, (1) 
rye ¢— Temnepatypa B “C. 
| Pas3nuune WaHHbIxX Jia o uHuA B padotax (1, *) 3HaunTenbHO u Ama 170° 
focruraer nmoutn 220 yuu/cm. 
d YCOBEPIUeCHCTBOBaHHbIM MeTOX ABYX KallWJWIAPOB TpeOoBasl IIpHMe€He€HHA 
MHEpTHOrO fasa, MpHueM Mpemnosaraloch, YTO KpaeBolt yrou CMauHBaHHA, KO- 
‘TOPbIM OOpasyeT pacnaBJICHHbIM HHAMH C MaTe- 
pHaJioM KamuJsiapa, paBeH 180° u He 3aBucHT OT 
TemiepaTypbl. SOTO mpesnouowKenne, MpHMeHH- 
MOe JIMIUb B MePpBOM MpHOJIM2xKeHHH K HEKOTOPbIM 
YMCTbIM METAJIJ1aM, HE BbIMOJIHACTCA B CJLy uae H3Me- 
PeHHA MOBepXHOCTHOrO HaTAXKeHHA MeTAINYEC- 
KUX PaCTBOPOB, COepKalllHxX MOBEPXHOCTHO-ak- 
THBHbIe 1OOaBKH. B cBA3H C 9THMBOCHOBY H3MC- 
Pe€HHA NOBePXHOCTHOFO HaTARKeHHA HHAMA H Cro 
CUJIaBOB MbI MOJOKUIH MeTO MaKCHMaJIbHOrO 
JlaBJICHHA B Kalle, CBOOOLHbI OT HeEOOXOAMMOCTA 
YUNTbIBATh KpaeBble yIibl CMaYHBaHHA, HM Mpo- 
BOJHJIH HCCICOBAaHHA MOBEPXHOCTHOFO HaTAxKe- 
HUA WHIMA B TpaBYTalMOHHbIX mpHOopax H3 
MOJIHOJCHOBOrO CTeKJIa B yCJIOBHAX BbICOKOrO 
BakyyMa. : 

Tlocne TuyaTenbHOH aM MHOrOuaCOBOM airs Pre. 1. Tpapuraunonypl mpu6op 
BaKyyMHOH oOGpaOoTKH TpaBHTaUMOHHOTO MPH aoe yoepenua noBepxHocTHOrO 
6opa (cm. puc. 1) B Hero Yepes tpyOxy E nepe- HaTAKeHNA HHA 
aBsanoch oKos0 10 cm® HHUA; MpHOOp Brops- 


MHOH yCTa- 
yeM COCTOAHHHM OTMAaHBaJICA OT BaKyy y . 
HOBKH H Ha Bpalilarouleiica paMKe, K KOTOPOH OH KPEIIHVICA 3apaHee, MOMellaica 


B BO3YWHbIM TepMOocTaT CO CMOTPOBBIMH okHaMu. IIpu Etre: eg he 
yaCOBOH CTpeJIKe B IIJIOCKOCTH PHC. 1 na yrou, ee MpeBbILMaIouLAl : 
Kukui nuHLHi us Bu C mepemellaca B este abd eas etic ass: lIpH- 
ae B UCXOJHOe Mosor*KeHHe HHA Me€JWICHHO, OJlarOapA KalinJApy /, re 


Hasl MepeTeKaTb B MAHOMETPHUECKy10 TpyOky C, 3amouiHAA pH oe ee 
pupoBaHHbli Kanniap F. IIpu JlocTH2keHHH MaKCHMaJIbHOrO amelie atl 
jie, (POPMUpyIOuleHca Ha Cpese KanwJIApa F, c Hero HadHHaJin Cpbl 
nebKH HHAMA. SHad pakuyc Kanusssapa F, BbICOoTy cro6a *KH]AKOrO HHIHA aa 
cpe30M KallMJJIApa HM MIOTHOCTh HHAMA MpH aHHOu Temmeparty pe, ea bi- 
IO paCC4UHTATb CFO NOBEPXHOCTHOe HaTAKCHHE M0 tbopmyie _Kautopa (%). 
Tlocne oKoHYaHUA H3MepeHHH MOBepXHOCTHOTO HaTAKeCHHA MPH PaSHbIXxX! 
TemlepaTypax 2%KUAKMM HHAMA MepeposuiM B CTaKaH D nytTem BpallleHHs MpH- 


dunfem 
560 


550 


2: 
if 


60 200 250. G00 350 400 40 500° 


Puc. 2. TlopepxHoctTHoe HaTAxKeHHe HHA Mo AaHHbIM Mendopza 
wu Xopa (/) 4 No HalwuM JaHHbIM (2) 


6opa Mo YacoBolt cTpeKe BOKpyr OCH, NepMeHAuKyJIAPHOU kK MIocKocTH puce. |, | 
Ha yrom 360°, u mpHOop oxsaxasn. 

Ucenenopanupili Hamu unui uncrote 99,995% cozepxan 0,003% Pb, 
0,0001% Cd, 0,0001 Zn, a rakxe cegpt Cu, Fe, Ge, AguSn. Stu mpumecu no | 
OTHOWICHHIO K HHMIO ABJAIOTCA HOO ciaOO NOBEPXHOCTHO-aKTHBHbIMH (Pb, | 
Sn, Zn), 1u60 moBepxHOCTHO-HHaKTHBHbIMH (Cd, Fe, Cu, Ge, Ag), nmostomy 
MpucyTCTBHe HX B HHDHM B HeOOMbUIMX KOJIHYCCTBAX HE MOFJIO CyILeCTBeHHO 
CKa3aTbCA Ha e€fO MOBEPXHOCTHOM HaTSAKeHHH. 

Mbt mponsBemH oKOO 500 oTgembHbIX HaOJIOMCHHH NOBepXHOCTHOrO HaTA- 
*KCHHA HHA B UHTepBae OT 170 go 500° uw HalliM, TO OHO ABAeTCA WHHeHHOK 


(byHKUHeH Temnepatypbl (puc. 2) H MOxeT ObITh MpeACTaBIeHO ypaBHeHHeM 
s = 569,3 — 0,085 ¢, (2) 


PpacCUHTaHHbIM MeTOJOM HaHMeHbIUIHX KBasparTos. 

Jia BbluuceHHi NOBepxHOCTHOrO HaTS2xKeHHA 10 opmyne KantTopa Halo 
ObIO 3HaTb MWIOTHOCTh HHUA Mpu Temnepatype onmbira. Mb He NponsBOAMIN 
H3MepeHHH MJIOTHOCTH XKHAKOPO HHAMA, a BOCHO/Ib30BaIHCb JaHHbIMM Bubamca 
u Munuaepa (‘). 

Kak BHAHO u3 puc. 2, HaliM JaHHbIe JIA MOBEPXHOCTHOFO HaTAKeHHA HHAUA 
MaJIO OTJHUAIOTCA OT pesyjbTaTOB Mencopza u Xopa (7). OqHako B AelicTBUTeNb- 
HOCTH, CC/IM NMO/laraTb, CleLyA aBTOpam paOorpl (*), KpaeBoii yrom CMaunBaHUA 
M@KIy CTCHKOM KaNHJWIAPHOH TpyOKH M MOBEPXHOCTbIO HHUA B Hell PaBHbIM 
171° 4 He 3aBuCAILHM OT TeMnepaTypbI, TO 3TO pagIHUHe OyeT Oomee 3HaUHTeNIb- 
HbIM H MpH Temnepatype 170° nocrurner 8—10 guH/em. 


WucrutyT o6ueli u neoprannueckoli xumuH 
uM. H. C. KypHakosa 
Akafemun Hayk CCCP 


Iloctynusio 
21 X 1958 


UHTHPOBAHHAA JIATEPATYPA 


1 R. N. Lyon, Liquid Metals Handbook, Washington, 1952 2D. A. Melfor d, 


T. P. Hoar, J. Inst. Metals, 85, Ne 5 197 (1956—1957). ®M.C 
, » 85, Ne 5, — . - Cantor, Ann.d. Phys, 
ieee (1892). 4D. D. Williams, R. R. Mill er,-J. Am: Chem. Soc., ‘72; 3821 
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Woxnage Akanemun HayK CCCP 
1959. Tom 124, M5 


PH3HTECKAA XHMHA 


9. 3. YTAHCKAS, A. Y. CTEMAHAHL, M. HM. BHHHHK u H. M. UAPKOB 


PACYET ®YHKILMH KHCJIOTHOCTH WH MOJEKYJAPHOrO COCTABA 
NJIABHKOBOH KHCJIOTbI NO JAHHbIM AAEPHOLFO 
MATHHTHOLFO PE3OHAHCA F?® 


(ITpedcmaeaeno akademuxom 'B. H. Kondpamvecvim 29 X 1958) 


@yukuuA KuCNOTHOcTH TamMMeTTa u3MepsxeTCH UHAMKATOPHBIM MeTOZOM 
 paBHa 


i 
Ho = — lg ap+ a , (1) 
BHt 


tie fs 4 fax+ —koappHuveHTbI aKTHBHOCTel MOHH380BaHHOli wv HeHOHH30BaH- 
HOH (bopM HHAMKaTOpa; Ay+ — aKTHBHOCTb NPOTOHOB B aHHOH cpere (2). 
B BodHbIX pacTBopax HF umetwres crenyloulme paBHoBecua: 


HF >? H+ + F-; (2) 

HF 4 FT xtHPS; (3) 

1 == QH+0p-/dup (4) 

Ke = Quy /@urar-, (5) 


roe K,=6,89-107, K,= 2,695 — KoHCTaHTb! paBHOBeCHA, BbIpa>KeHHble 
B AaKTHBHOCTAX (*). t 
V3 ypapHenus (4) AHCCOWMaNHH MJaBHKOBOH KHCJIOTHI cyleqyeT, ITO 


— lg ayn+ = —Igk,+lg 


an 
=a (6) 
oHF 
SameHuB Gp- Yepes Mmr-[r- (#p-— MOJIAJbHaA KOHUWeHTpallHA MoHa F7) 
B ypaBHeHHu (6), Mosyuaem: 
ao =He+! A awe 7 
—igK, —lg =a — Ig au+fr 6 +lg as (7) 
Jaa Bogubtx pacrsopop HC! u HBr snviorb fo 16 MoviambHOi KOHUeH- 
Tpawuu BesmunHa fe/feu+fa- = 1, rae fa-— Kos*piuWeHT aKTHBHOCTH aHHOHOB 
Cl um Br (°). Ecau npegnouoxutb, YTO Mo_oGHOe COOTHOLIeHHe CnpaBer- 
JIMBO VM Jia BogHbIX pactsopoB HF, To dyHKUHiO KHCJIOTHOCTH Gl, MOxKHO 
paccuntatb, 3Haa BelM4uMHbI Ky, Aur A Mr-- 

Cocras pa36aBJIeHHbIx pacrBopos HF usBecTeH(2). Ja Mouy4eHHA KOJIMGeCTBeH- 
HbIX P€3YJIbTaTOB MO COCTABY HM KHCJIOTHOCTH Oovlee KOHICHTPHPOBAHHBIX mie 
acTBopoB HF mpi npou3BesH u3MepeHHA XHMHYECKHX CABHTOB PesOHaHca 
4 BOMHBIX PaCTBOPaX [M/aBHKOBOl KHCJIOTHI Pa3JIHYHBIX — KOHILCH Talli. 


Ha6monaempli xuMuuecKHH CABHT 


8 Hy tedare 16 Stan -108, 
a 0 3TaJl 
rye H u Ho stan — PC3OHAHCHbIe 3HAYeHHA BHELIHEeTO pe noua 
0 HCCJ 0 9Ta ; ahs 
yaa apa F® B uccieq,yeMoM oOpasie H B 9TaOHHOM [CFs ] mp 
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(buKCHpoBaHHOH YacTOTe pafHOuacTOTHOrO NOVA. Ilo mowyyeHHbIM 3Ha 
YeHHAM PaCCUHTbIBaJICA XMMHMYeECKMM CBHI Ka2K/oro o6pasia NO OTHOLICHHE 
Jean dcF,COOH = 5,03: 10 : (2) 
Jia CHCTeMbI W3 HeCKOJIbKUX OOMeHUI| 
BalOWHXCA KOMMOHeEHT (4) HaOvJlOaembhl 
XMMHUeCKHH CJIBHT 


OnnGe == > 8 ;Pi, (Sh 


rye 6;—— XHMHYUeCKHH CBUr HHAMBULyasbh 
HOH (bTopcoyepxKalleH KOMIMOHEHTHI, P;— 
lous (bropoBw oT OOulero YHCNIa uCCueLye; 
MbIxX sjlep F1® B aHHOH KOMMOoHeHTe. Ha: 
6lOaeMbIH XHMHYeECKHH CABHT pacTBopd) 
3aBHCHT OT KOHUeHTpaunn HF (*). | 

BpipasuB p; Yepes COOTBETCTBYIOIULHeE 
Sis MOJIAJIbHbIeE +KOHIeCHTpaluu (bTopcosepxas 
ere ot UHX YaCTHWL, HMeeM 


| 


Puc. 1. Ocunuiiorpamompl curHasios Fl. 2am 
CurHasibl clipaBa NpHHnaiexaT STaJIOHy Mp— HF My 


2 iN 
CFsCOOH; curHawp culepa: @ — BOAHOMY Onaen ad Op- + 0 + OF an 
pactsopy KF (kamH6popouHoe selllect- 2 
Bo), 6—25% pactsopy HF. Amnuauryyza ( 


Monynauuu 0,4 9per., yacToTa Mojy- a : 
nauun 0,5 ru mM = Mp- + ore ++ Muyp, (10° 


re m—oOwlait MOJIAbHaA KOHUeHTpallua pacTBopenHoro HF; myp — mo-} 
JiAJIbHaAd KOHUCHTpallva HeMCCOWMMpOBaHHOrO Ha HOHE! HF, wHaxogsamerocs 
B BH] MOHOMepHOH 4H MOMMepHBIX opm (°); Sy26, — XHMMYeCKHA CBr 
pactsopa HF; oyp— ycpefHeHHbiii OOMeHOM XHMHYeCKHH CABBr MOHOMep-| 
HOH MM MOJIMMepHBIX (opM; op- = | 
== 5,48-1074 (5). 

Xumuyeckuit caBur 6e3sBoyHOrO HF 
MO OTHOWeHHIO K Fy dyp=—6,25-10% 
(5). Sa HeHMeHHeM sYUIUMX JaHHBIX, “S99 0 D 0 WD bec. % 
MbI lipefwmoslaraeM, 4TO 9TY BeJIMUHHY HF 
Me POUO SPsOR a eM AU eS baa Puc. 2. XumuyeckHe capurH pesonanca F!® p 
cTrBopoBHF, xoTa COOTHOLUIGHHA MEK LY cucreme HF — H.O 
MOHOMePHOHt H MOJIMMepHbIMH (popMaMH 
B BOJHbIX pacCTBOpaxX H B Oe3BOHOM 
HF pasmmunp. Jina Kontentpanun 2 Bec.% HF sBenuunHbt mp-, mm 


etna He 2 


M Myp W3BeCTHBI (°); H3 STHX JAHHBIX NO ypaBHeHMtO (9) MoxKHO paccuHTaTb 
XHMHYeckuH cyBur HoHa HF, no ornoulenvio K F,; on papen 3,4-10-*. V3 
ypaBuenni (4) nu (5) uMeem 


(Ohl a eels Si 
HF; 1 Ho. elles 


4 
ie Ky ap- x Ky mp fre : (11) 


pb 
r 


MoxHo npeqnosioxUTb, TO ,O MOsIApHoro cooTHOWeHua HF : H.0 = La 
KOSPPUNMeHTLI AKTHBHOCTH AHHOHOB ff- U hisgie paBubl. Torga 
2 


m _ 
4 HF 


2 
CHE Soha 


<= i 
ae (12) 
CopmecTHoe peilenne Tpex ypaBHennii (9), (10), (12) c tpema nenspect- 
HBIMM M1p-, Mare Myr MOSBOAACT PaCCUMTATh MOVJISJIbHOCTH HOHOB HW HeqUC- 


COMMMPOL aHHOK YaCTH KHCJIOTHI. 
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Besmuuna |g (ayr/mp-) MoxeT 6bITb mpeAcTraBleHa B Bue 


QuF 


Ig ean Ig due —Igm + lg {Sr — dp-) + 


yp my 


ae (Sur — 8; na6a) — (ur — be)! le (Gir bee le 


Mp 


| Mugexc 1 orHocuTca K KoHueHTpaunH HF, paBHoH 2 Bec. %, 
MyHkuuA KUCIOTHOCTH 


Vib N + |g (SHE — Sya6n), (14) 


rae N — napamerp, koTopblii MOxKHO paccuHTaTb NO HMEIONLUMCA anHbIM JA 
§ KaxkNoro uccleqyemoro oOpasila mW1aBuKOBOH KHCJOTHI. 
Ta6uuna 1 


XHMHYeCKHe CBHTH pesoHaHca F}9 pacTBopoB naBHKoBoi KHcJOTH. A — KoHueHTrpayua HF 

B Bec. %; m— MOJIANbHaA KOHWeRTpalua B Mow. HF/1000 r HO; Ho—Bsesmunna riiapHoro 

MarHHTHOrO NOwA B apcTefax; 8’ — XHMH4eCKHH CBHI, H3MepeHHbIii no OTHOICHHIO K 

CFsCOOH; © — cpeyuan kBagpatHunaa ollMOKa u3Mepenuit; 5 — xumuuecKHli ca~BHr, mMepe- 
CUHTAHHbIH MO OTHOWeHUIO K Fa 


| 
A m H, | 8-104 | =-108 3-410! | A m | Hy, | 87-408 e-10! 5-404 
2,00 | 1,02] 3347 | 0,92 | 0,011 | 5,95 | 23,7 | 45,5 | 3330 | 0,96 | 0,005 | 5,99 
ALAS | al PAG || YAP? | (OO 0,005 DOs) || 2433, | A083 | aay || O64 0,006 9,97 
3,57 | 1,85| 3342 | 0,93 | 0.010 | 5.96 | 33.4 | 25.1 | 3322 | 0.98] 0,007 | 6,04 
| 5,57 | 2,95] 3329 | 0,98 | 0.014 | 6.01 | 37,7 | 30,2 | 3330 | 4,02 | 0,010 | 6,05 
) 10,0 018) | aay | Oe: 0,007 5,99 || 40,3 | 33,8 | 3322 | 1,03 0,004 6,06 
| 41,5 | 6,51] 3322 | 0,98] 0,005 | 6:04 || 42,5 | 37,0 | 33301 0,99 | 0,005 | 6,02 
47.3 140.5 | 3347 | 0,94] 0.008 | 5.97 
& Hoe 


Kak BHHO u3 Tau. 1, WIA PasJIMYHbIX KOHIWCHTPallul MWiaBHKOBOM KHCJIOTbI 
Ovaon HMeeT TOpsANOK (5,95--6,05)-10~*. Orcioga cuexyer, uTO AIA Toro, YTOObI 
NOMYUUTb 3HAaveHHA cbyHKWuM KuCOTHOCTH Cc TOUHOCTHIO +0,05, O26, HeOOXO- 


MMO 3HaTb C TOUHOCTHIO +0,03-10°4. 
Usmepenna mpon3BogHsucb B noe ~3300 sper. OfHOpomHOcTb MarHnTHOrO 


Novia B padoueli uacTH 3a30pa He xyxe, em AH/H=2-10~° B oOneme | cm*. 
TaOaunya 2 


MonekynapHbi coctaB HW (yAKWMA KMCJOTHOCTH pacTBOPOB NviaBH- 
KOBOH KuCJoTH (m B Mosax Ha 1000 r H20) 


7B 

m |?HFC) my Raa mie aaa ot %, ** 
1.016*| 1,05] 0,0168*| 0,0506*] 0,898*) +4,37 |+4,30 
4.26 | 4.36] 0.0175 | 0,064 1.44 41,97 \a-4599 
4'85 | 2705| 0.0166 | 0,092 | 4,65 A 4 207? © It, 04 
2°95 | 3.43] 0,0132 | 0,122 2.69 40,75 -* | 0572 
556 | 7.26] 0.0129 | 0,252 5.04 40/44 |+0,36 
6.51 | 8.88] 0,0114 | 0,273 5.95 Ligion Mais 
10.5 | 17.4 | 0.0140 | 0,515 946 —0.04 . |—0,46 
Web s|133,6,|.0,0078 | 05 706" 1/44, 4 ¥_OLG7? |--0568 
203 | 57.3 | 0,0065 | 1,00 18.3 —0'78 |—1,00 
25.1 | 82.5 | 0,0048 | 1,07 23.0 Ly |2ee% 
30,2 | 16,0] 0,0025 | 1,08 28.0 —1,64  |-1,69 
338 [268 | 0,0016 | 1,16 31,5 2,06 |-4,91 
37/0 |380 | 0,0015 | 1,54 33,9 1D 3A 24.08 


* Cu. (2). ** Cm. (°). 
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Jia HaOOeHHA CHrHala AepHOrO MarHHTHOFO Pe3OHAaHCa UCIONb3OBAaIC 
-asTORMHHbI perextop (8). [Ipu u3MepeHHAX HCMO/b30Baacb MHO0OpasHas Mo- 
ayAWAA TaBHOrO MaPHHTHOFO MOVs. 


0 10 20 30 40 beu% 
f a J2 mon WE 
: ° ~ 1002420 ees 


Puc. 3. 3aBHCHMocTh MOsAUIbHBIX KoHUeHTpa- PHC. 4. ere oye 
unit HOHOB myp,-Hmp— H HeLHCCOMUpORaH- JOTHOCTH 4%,» MaBHKOBO O 


a 6ueli Fe j OT KOHIeHTpalHH. a — sHayeHHs, 
HOH YaCTH KHCAOTHI /p;p OT OOUEH MOVIAJIbHO H3MepeHHBIe MHAMKATOpHBIM MeTOsOM 
KOHUeHTpauuu m pacTBopeHHoro HF (qanHpe Bena); 6 — 3Hayenua, pac- 


CUHTAHHbI€ NO aHHbIM AepHoro 
MarHHTHOTO pe30HaHCa 


Jia usMepeHHi ObWia B3ATa CNeEKTPOCKOMHMYeCKH UNCTaA MaBHKOBaA KH- 
nota, He CosepxKalllad KpemHun. M3mepenuaA MpoBeeHbI pH KOMHATHOM TeM- 
nepatype. CyMMapHas cucTemaTuyuecKaad OWMOKa B H3MepeHHH XMMHYECKUX 
‘caBpuros cocTaBaset 2% ( A( AH/H)=2-107°). B ra6a. 1u na puc. 2 npuBere- 
HbI Pe3yJIbTaTbI H3MepeHHH. Kak BUQHO H3 PHC. 2, 43MeCHCHHA XHMHYECKOLO CIBH- 
Ta C KOHWeHTpalueh (qo 30%) mexKaT B Mpeqetax owmM6KH 2KCMepHMeHTa. 

B ta61. 2 u Ha puc. 3 uw 4 NpHBeeHbI pesybTaTbI pacueTa MONeKyJIAp- 


B 
HOFO COCTaBa H BeIHYMHEI Fy + Ig 7 a HCCJIEQYEMbIX PaCTBOPOB 
BH+/ p- 


MaBUKOBOM KHCJIOTHI, a Tak2Ke 3HaYeHHA CPYHKWnA KucMOTHOCTH Flo, H3MepeH- 
HbI€ HHJMKaTOPHBIM MeTOJOM MmpH 25°(*). Kak BugqHo u3 Taba. 2, BeNMUMHBI 


B 

Hot lg eee WU fy) XOPOWIO cOBNafaioT. STO 3HauHT, YTO B UCCeyeMoM 
BHtiF= 

MHTepBasle KOHUEHTpallHH (fo 37 MouAMbHOH) CHpaBequBO COOTHOWIeHHe 

/e/fpu+fr-=1. 


VWucrutyT xumMuyecKoH bu3sHKH Tloctynuso 
AkajlemMHu Hayk CCCP 22 X 1958 
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Jloxxzanp Akanemun HaykK CCCP 
1959. Tom 124, Ne 5 


PH3SHYECKAA XHMHA 


Yaen-koppecnoujzent AH CCCP JI. M. UMDKUKOB u J. TP. BEPE3KHHA 


BJIMAHHE JOBABOK COEQWHEHUM LIEJIOUHbIX METAJIJIOB 
HA KWMHETHKY BOCCTAHOBJIFHHA CHJIMKATA IMHKA 
OKUCbIO YIPJIEPOJIA 


IIpu M3YYeHHH BOCCTAHOBJICHHA OKHCJIOB TBepAbIM yrlepOOM oTMeyaeTca 
Pyckopatoulee MencTBHe Ha Mpollecc AoOaBoK COCAMHEHH WCIOUHbIX MeTAJIJIOB. 
Tax, . H. Kayumu u I. M. Unxuxos (!) ycranosuam ycxopsioulee BauaHne 
Ao0aBKu KapOonaTa HaTpHA Ha Mpouecc BOCCTaHOBJIeHHA OKHCH ILHHKa TBEp]bIM 
yrepoqom. BoccraHosjienue OKHCH UMHKa MpoTeKaeT B ABE CTaHH, CKOPOCTb 
Mpolecca JIMMMTHPyeTCA CKOpocTbiO cTaquu rasuduKaluu: C + CO,= 2CO. 
B cBa3v C 9THM HaOJiOJaemMoe ycKOpeHHne UCCIeLOBaTeEMN OOBACHAIOT MOBBILLe- 
HHeM B MPHCyTCTBHH MPHMeCeH WLeIOUHbIX MeTAaJIJIOB PeaKI[MOHHOM CmocoOHOCTH 
rpaduta MO OTHOLICHHIO K 9, 
peakunu rasudpuKkalnn. On- aw 
-HaKO BO8MO%KHO aKTHBHPyio- 
mee JelicTBue TakKuX O6aBOK 
WM HeMOCpeACTBeEHHO Ha peak- 
IHIO BOCCTAHOBJICHHA OKHCbIO 
| yruepofza. B stom cu1yuae 
-yckopeHue mpomecca MoxKeT 
ObITb BbI3BaHO MOBbILLeHHEM B 
MIpHCyTCTBHH oOaBKH MOL- 
BYMXKHOCTH UacTHIL B_ peak- 
IMOHHOH 30HeE HW OOser4ue- 
HH€M KPHCTaJIJIOXHMH4eCKON 
mepecTpOHKH pelieTKH Coe- 
qunenna (?,°). 

B uactosmeh paOore 13- 7 t 
JIOKEHbI Pe3ysIbTaTbI HCCIE- 20 #0 0 50 Muth 
JOBaHHA KHHETHKH BOCCTA- 

HOBJICHHA CHJIMKaTa UWAHHKA Pye. 41. KuneTHKa BOCCTaHOBJIeHHA CHJIHKaTa WHHKa 
2ZnO SiO, oKUCbIO yrepo- oKucbIO yrveposa. 'a—cTeneHb BOCcTaHoBNeEHHA, “Yo; 
ya BJIMAHHA Ha TOT Mpo- — 1i/— BpeMaA, MHH. 


mecc 206aBoK KapOOHaTOB Ka- 
JIMA, HATPUA H JINTHA, a TAKXKE XJIOPHAOB HaTPHA HW Kavbita. CrelyeT OTMeTHTD, 


UTO JA@HHbIX O KHHETHKe BOCCTAHOBCHHA CHJINKaTa WHHKA OKHCbIO yrepona 
B JINTepaType He MpHBOLHTCH. 4 — 
CuukaT WMHKa MpPHroToOB/IAJICA CNe€KAHHeM OMHILCHHOH KBaplleBoH MyApbl 
¢ OKHCbIO IlMHKa Mmpn TemmepaTyPpe 1380—1400°. ean! BBOJHJINCb HMIper- 
HHPOBAaHHeM H3 BOJHbIX PpacTBOPOB B KouMuectTBe 7,5 MO. '% MO ee at K aa 
JMKaTy IMHKa, YTOCOOTBETCTBYCT eliad dient aac $a Es Bec. %. 
Jina BOCCTaHOBJICHHA HCIOUIb3OBaJICA MaTePHa kpymHoctu —200mem. Boccranos- 
JICHHE MPOBOHIOCb B BaKYYMHOM yCTaHOBKe IIpH ne ea WM PKY MALE 
OKHCH yrulepoda H BbIMOpaxKHBaHHl mIpOyKTa peakiHA es 9 KUAKHM a (*). 
3a XojloM mpolecca ceqnJIM 10 yOblim Beca UCXOLHOrO OOpasila MPH HeMpepLIB- 
HOM B3BeLIMBaHHM ero Ha 3JICKTPOMArHUTHBIX BeCcax. Sanucb noka3aHuii nu pe- 
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150° 


Ss 


S 


1000° 


Cmenets Goccmanotnerua (aj — 


ryupoBaHwe TeMiepaTypbl HW AaBseHHA OCYLLECTBIAUIHCb aBTOMATHUECKH- 
B mpespapuTesbHbIxX oMmbirax ObWia MoKasaHa He3aBHCHMOCTb CTeMeHH BOC- 
CTaHOBJICHHA OT BeMYMHbI HCXOAHOM HaBeCKH. 

Ha puc. 1 npuBeyeHbl ,aHHbIe NO BIMAHHIO TeMITepaTyPbI Ha KHHETHKY Boc- 
CTAHOBICHHA CHMKaTa WHHKa OKUCbIO yrmepoya. BoccTaHoBuJeHHe C 3aMeTHOW 
ckopoctbio (3% 3a 4ac) HAYMHAaeTCA TIP 1000°. TloppnueHue TemnepaTypbl 3Ha- 
UHTEIbHO YCKOpseT BoccTaHoBseHve. B mpefelax H3yTCHHPIX cTeneHel BOcCcTa- 
HOBJICHUA MpOlece MpoTeKaeT MPakTHYECKH C MOCTOAHHOH CKOPOCTHIO, H KHHe- 
TuKa peaKUMH MpHO/IM2KeHHO OMMCbIBaeTCA JIMHCHHbIM ypaBHeHHeM a = ke 
Kaxkyulaaca 9Heprua aKTHBallvH mpolecca CocTaBlAcT 31 KkKaJI/Momb. 
JlapseHue okucn yruiepona (B mpeyestax 50—400 mm pt. cT.) Ha CTemeHH Boc- 
CTaHOBJICHUA CHMKaTa, WMHKa He CKa3bIBaecTCcH. ; q 

Ha puc. 2 mpuBeseHb! aHHble MO BOCCTAHOBJICHHIO 2ZnO -SiOz c o6aBKoK 
KapOouata Kana. Kak BuO, B MpucyTcTBuH NoTallla SHAtHTebHO CHH2KaeTCA 
Temmepatypa Ha¥asla mpolecca HW yBeIMUMBaeTCA CTEMCHb BOCCTAHOBICHHA CH- 
mukata WnuKka. Boccranopenue npn 700° 3a 90 MuH. MpoTeKaeT Ha 10%, 

; torma Kak 2ZnO-SiOz 6e3. 
Wo6aBok 3a 9TO Ke BPeMs 
mpu 1000° BoccTraHaBsMBaeT- | 
CA TOIbKO Ha 5%. Kaxmy- 
WwasicA 2HepruA aKTHBalluy 
00  tpowecca, paccuHvTaHHad 110 
KOHCTaHTaM CKOpOCTH ypaB- | 
HeHuA a—1—exp (Rt"), co- 
cTapaset 17 kKan/Moub. Boc- 
900° + CTAaHOBJICHHe CHJIMKaTa WHH- | 
Ka B IIpHCyTCTBHM KapOonatTa 
KaJIHA 3HAYHTEJIbHO YCKO-— 
pAeTcaA pH NOBbILLeHHH WaB-— 
mo: | eHuA. Tax, mp 1000° 3a 

nepspie 1OmMun. npn Pco= 
, ee ea = 10 mm pr. cr. BoccTaHaBJIH- 


Baetca 9,5% cuaHKaTa WHH- 


100° 


S 


S 


Cmenenb Goccmanobnextsa (a) 


D D 0 Or Ka, pH 50 mm 15,5% wu mpm 
£———- 200 mm 22 %. IIpu 200 u 

Puc. 2. Kuneruka soccianopsenua} cusMkata uunka 400 MM prt. cr. mpomecc onn- 
c o6aBkoH Kap6onata KaaHsi, Pcoo=200 mm prt. crt. CbiBaeTCA yxKe OJHOH KPH- 
a—cTelleHb BOCCTaHOBJIeHHS, %; f — BpeMS, MHH. - BOH, 4YTO XaAPpaKTepH3yeT Ha- 


CTyINJI€HHe aCOpOWMOHHOrO 
HacbiljeHua. Ha prc. 3 MpHBeseHb! CPaBHUTEIbHbIe JaHHbIe NO BAMAHMIO pata 


oOaBoK Ha CKOpocTb H cTeneHb BOCCTaHOBeHHA 2ZnO -SiOe npu 1000° u 
Pco=200 mn pr. cr. Ckopoctb BoccTaHOBJIeHHA CHIMKaTa ILMHKa (npn 10%-Hom: 
BOCCTaHOBJeHHH) Mp BBeneHHH K:COs yBenuunpaetca B 150 pas, NasCO; — 
B 25 pas, Li,CO; — B 5 pa3 u NaCl u CaCle—p 1,5 pasa. Brejenne no6apee 
HoTalla WH COAbl MCHACT KHHETHYCCKHH XapakTep KPHBbIX BOCCTAHOBCHUA: Mpo- 
WecC HaYHHaeTCA C MAKCHM@JIbHOH CKOPOCTbIO, MOCeRHAA Obicrpo y6biBaeT pH 
JaJIbHeHIeM MpoTeKaHHH mpowecca. 
_BosmoxkHo celyroulee OObsCHeHHe MexaHn3Ma H MNpHunH creknpuyeckoro 
ACHCTBHA OTIC bHbIX NOOaBOK. B npotecce BoccTaHOBAeHUA 1OOaBKH MOryT lipe- 
TepiepaTb pat mpeppaiwenui. IIpu Temnepatypax sKcnepumeuta MpOHCXOLHT 
pe ccenianaa KapOonaro. OKUCJIbI UeOUHBIX MeTaWIOB O6lalaloT 3HadUTe/Ib- 
iene eee OHH MOryT ancopOupoBarbces Ha MOBe€pXHOCTH CH- 
eae feats OKHCIIOB Ha Pp€aKWHOHHOH NOBEPXHOCTH BO3MOXKHO O6- 
Naropa aia Bere HM BO3HHKHOBCHHE AKTHBHbIX WeCHTPOB PeaKILHH. 
slate ene OCTH MOBEPXHOCTH OOBACHACTCA NOMOXKUTEMbHOR BJIMAHUE 
et eae il ee Ha Mpolecc BOCCTaHOBJICHHA CHJIMKaTa B MpHCyTCTBUY 
JHA. DB PesyJbTAaTe SJIEKTPOHHOFO B3aHMoelicTBHA ajcopOupoBaH- 


HbIX COCIHHEHHH C HOHaAM 
u MOBe€pXHOCTHOrO CJLOA pelleTKu MOXKECT YBeJIMUHTb 


Cd MOBCPXHOCTHAA MOMBHKHOCTS (MHIpalluA) HOHOB, OOseruaroulasd TIpOHCXO]s- 
UWHe MPH BOCCTAHOBJICHUM KPHCTaIOXHMMYeCKHe MpeBpauenua (°). 

_¥ckopsiousee AeHCTBHeE WOOaBOK KapOoHaTOB maslaeT B pAay Kaui, HaT- 
PHH, JuTHH. Cnettupu4unocth gelicraua Wo6aBoK MOxKeT OOyCIOBJIMBaTbcd pas- 
JMIHEM S/ICKTPOHHbIX B3aHMOeCHCTBHH M@ExKy NOOaBKOH u pelleTKol cHMKa- 
Ta. Hanpumep, sHeprua xumuyeckoli cBa3u B MOJI€EKYJIaX OKHCJIOB ULe/OUHbIX 
7MCTAJIJIOB YBEIMNHBaeTCH OT KasIMA K JIMTHIO, YTO KOCBeHHO oTparKaeT- 
PCA YBEJIMYCHHeEM TENIOTLE HW CBOOOAHOH SHeEprHH OOpa3s0BaHHA OKUCIOB. 
Tensorpl o6pa30BaHua OKHCOB Ie0U- 


@HBIX MeTaIOB Wit KsO 86,0; me 2n0/mun 

3) Na2O 102,0 u LisO 142.3 xxan/monp. a 

jIIpu sTom, mo-BuzumMomy, Bo3Mox- i 
# Ho Oosee AKTHBHOE 9/IEKTPOHHOe B3aHMO- 

9 J\elicTBHe HOHA KaJINA NOOaBKu C peuler- ” 


y KOH CHJIMKaTa IWHHKa M0 CpaBHeHHIO Cc 
} JeHCTBHEM HaTpHA MV JIMTHA. 

IIpu paccmotpenuu jelictBua o6a- 
} BOK HEOOXOAMMO YUUTHIBATH, YTO OKHCIIBI 
| ‘KaJIMA, HATPHA H JIMTHA pu Temmepary- 
( pax 9KCNepHMeHTa JOJKHbI B3aHNMOjel- 
 CTBOBATb C CHJIMKaTOM WHHKa. YCKopsio- 
| mjee WeHcTBHe KapOOHaTOB KaJIMA u Ha- 
} TPHA MpOABJIAeTCA B OCHOBHOM B HauaJib- 
; HbIM MepHoq peaklHH, 3aTemM mpotecc 


& 


dD 


ww 


Chopocme Coccrianobnenun (v7) 


' Puc. 3. Buamanne foOapok Ha KHHeETHKy Boc- 

| CTAHOBJICHHA CHJIHKaTa UHHKa opH 1000° u , 

| Poo = 200 MM pt. ct. vu — ckopocts, 2 

_ wr ZnO/MuH; a— creneHb BoccTaHoBJieHua. [— 

2 ZnO-SiO,, 2—2ZnO-SiO,-+ NaCl, 3— 

~ 2ZnO-SiO,+ CaCly,, 4—2 ZnO-SiO»s + LisCOs, oe 

| 6 — 2 ZnO-SiO, + Na,CO3, 6 —2 ZnO-SiO, + 1 Fines Sap. 

+Ke2COs 10 20 50 % 
Cmeners Goccmanobnenua (a) —= 


3aTOPMaKUBaeTCA. ITO H3MCHEHHE XapakTepa KPHBbIX BO BPCMCHH MOET ObITb 
BbI3BaHO XHMHYCCKHM CBA3bIBAHHeM JOOaBOK. Tak, BOCCTAHOBJICHHe CHJIMKaTa 
IHHKa C JOOaBKOH MoTalua Noce MpeABapHTeIbHOrO IpOKaJIHBaHUA HX B HHEPT- 
-HOH aTMociepe xapaKTepH3yeTCA 3HAYNTEJIbHO MCHbIIHM YyCKOPeHHEM. 

_ TlomyyeHuHpre pesysbTaTbl YyKa3bIBalOT Ha BO3MOXKHOCTb 3HAaYHTeJIbHOrO 
YCKOPeHHA PeaKILHH KOCBEHHOFO BOCCTAHOBJIeCHHA OOaBKaMH HeOOJIbUIMX KO- 
JIMYECTB COCMMHCHHE ILCOUHbIX MeTaJJIOB, OCOGeCHHO NoTawa Hu cosbl. BBewenue 
oOaBOK CyULeCTBEHHO OGseEruaeT BOCCTAHOBJICHHE, YTO MPOABIACTCA B CHH2KCHHH 
SHEP aKTHBallMM uM TemMMepaTypbl Ha4adla ITpolecca. BpicKa3aHbl HEKOTOPbIe 
cooOpaxkeHHia O MexaHH3Me HaOJl0JaeMbIxX ABJICHHH. 


Tloctynuaio 


. A. A. Batikosa 
UucrutyT Meratypruu HM 5 XI 1958 


Akajlemuu Hayk CCCP 


LMTHPOBAHHAS JIMTEPATYPA 


10. H. Kaymun, J. M. Uuxukos, COopn. Tp. Toc. uucr. uperu. mer., 8, 
34 (1958). 2 a Sacto Oy (emi, Isl. Jeb. CepeOpeHHuKos, Tp. Ypampck. 
noautexu. uuct., 49, 61 (1954). %H.B. Myxudu, B. B. MuxaitaoB, Tam xe, 49, 
159 (1954). 47. M. Uuuxukos, IT. Tl. Pepenecwauu, 3as. sma6., Ne 4 (1956). 
5A. Pu3, Xumua Kpucrannos c Aepextamu, HWJI, 1956. 
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Jloxnagn AkawemMun Hayk cCccP 
1959. Tom 124, Ne 5 


PH3BHYECKAA XHMHA 


Cc. A. LUPEHHEP wu Tl. WH. 3YBOB 


f ONPEJEJIEHHVE BHYTPEHHHX HANPS,KEHHM MPH CK JIEMBAHUH 
TBEPJbIX MOBEPXHOCTENM 


(ITpedcmasaeno axademuxom B. A. Kapeunsim 16 VIII 1958) : 


[lp viccneqoBaHny Kseroulel cnoco6HOCTH pacTBOpOB %Ke/aTHHb! HaMH ObIsIO 
YCTAHOBJIEHO HaJIMYHe 3ABHCHMOCTH M@2%KLY NPOUHOCTbIO CKJIeMBaHHA HW YCJOBH- | 
amu (POpMHpOBaHHA KJeeBbIx Mpocioek. MbI MpeANOMORKUIU, YTO 97a 3ABKCHMOCTE, | 
OMpeseAeTCA pasMUHbIMA BHYTPeCHHHMH (ycaqouHbIMy) Hall ps2KeHHAMH, CHH- 
*KaIOULMMH TIPOYHOCTS cKeHBaHHs ('). B cBa3H C 9THM OCOObI MHTepec npe- 
CTaBIA€T KOJMYCCTBEHHAA OWCHKA BeJIHYHHbI BHYTPCHHHX HalipAxKeHHH. 

IIpu dopmuposaHnu KieeBol mpocnoiku Ha THOKHX MOMNO%KKaX BHYTPCHHHE | 
Halps2xKeCHHA MOXKHO ONPeAeIATb, Kak 9TO HeMaBHO NoKasaHo B. A. Kapruubim 
c corp. (*),{10"H3meHeHHio (popMb! NoANOKKuU. Jia onpeseneHnA HaNpAXKEHHOCTH | 

B MpO3pauHbIX H3OTPOMHbIX MJIeHKax, OOpa3ylo- | 

Wome UIHXCA Ha TBePAbIX MOBCPXHOCTAX, MOXKHO NpHMe- 

HHTb ONTHYeCKHH MeTOA UccIemoBaHHaA (%), MO03BO- 

JIMIOWHH OWCHHBaTb BeJIMYHHbI BHYTPCHHHX Halpa- 

2KCHHH MO H3MCHEHHIO OMTHYCCKHX CBOHCTB MVJIeH- 

KH, B YaCTHOCTH MO BeJIMYHHE BOSHHKAIOULerO ABY- 
TIpeJIOMJICHHA. 

OHaKO B HEMpO3pauHbIX MICHKaX OMpeeATb- 
JBOHHOe MpeoMieHHe OYeHb TpyQHO. Mbi npeyno- 
JOM, YTO STH TPYAHOCTH MOXKHO MpeosoueTb Mo- 
Cpe2CTBOM CO3aHHA NOMWOXKH U3 NMpospayHOro. 
W30TPONHOFO MaTepnasia, OOaqaloulero ynpyruMu 
cBolicTBamMu. B stom calyyae O BeHUHHE BHYTPeH- 
HHX HaNpAx*KeHHH B MJICHKaX MOXKHO CYAHTb NO u3- 
Puc. 14. Vamenenne 'pasnocra MCHEHHIO JBYMPeJIOMJCHHA B TOJIULE NOMIOXKKH, T. e. 


xojqa 8 WH BHYTpeHHHX Hamps- 3a NpeeJlaMH S3OHBbI o6pa30BaHHA KJICEBOrO CJIOA 
SHA GB CnOAx MPH3Mbl B WIM ANTeESHOHHOH MICHKH. ITO NpesnooxKenHe MO- 
3aBHCHMOCTH OT HX paccToA- 


Hua h OT rpanv, Ha KoTOpoti CJIYW2KHJIO OCHOBAHHEM JVIA NMOCTAHOBKH HU mpoBeye— 
npoTekavio PopmMupoBanue nvien- HAA JaAHHOrO UCCeMOBaHHA. 


KH TOJILLHHOH B 0,22 mM, 06- B xayectBe NoWWIOxKeK O6bWIH HCNOMb3OBaHbI 
pasopanHoH v3 20% pacTBopa cTeKJISHHbIe 4eTbIPCXTPaHHble MPAMOYPOJIbHbIe Hpu3- 
Ke J1a THHBI 


MbI pasmepom 10 x 20 x 20mm. DopmuposBanne meH- 


KH Ha MOBEPXHOCTH MNOVIOKKH OCYLLECTBIAJIOCh: 
MOCPeACTBOM MCnapeHusA Bob! us 20% pacTBopa xeNaTHHBI, HAaHeCeHHOrO Ha 


onHy us panel npusmpl. Mamepeune ABoliHOro WyYeNpeNOMeEHHA B TONLE CTeK- 
71a TPOUSBONMNOCh B TOMAPH3alMOHHOM MUKPOCKONE C MOMOLLbIO MOBOPOTHOTO 
KaIPIATOBOrO KOMMeHCaTOpa KITK. Benwunna BHyTpeHHUX HanpsKeHHii ompe- 
ACAANACh MO IKadle Mepexova, COCTaBNCHHOM Ha OCHOBe NpesBapuTeNbHO T1po- 


BEACHHBIX H3MCPCHHH Pa3HOCTH XOJa B MPH3MaX B 3aBHCHMOCTH OT Harpy3Ku 
B npenenax oT 10 go 120 xT /em?. 


IIpeqpaputenbuple OnbITEI NOKa3aiu, YTO pH opMupoBaHHH xKelaTHHOH 
NJI€CHKH Ha MOBEPXHOCTH CTeKIAHHOL 1 


ea PH3MbI B TOVJILLE MPH3MbI WeHCTBHTeIbHO 
HHKACT pasHocTb xoga. H3 puc. 1 BuqHo, YTo pasHocTS xolja pacnpefensnerca 
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}10 OTACJIbHBIM CJIOAM MPH3Mbl HepaBHOMepHO. HanGoupiuee 3HayeHue pasHoctiy 
{XoOa, KaK H CI€NOBasI0 O*KULaTb, HMEET MECTO B COAX, lipHJleraioulux K MOBepx- 
juocru pasxela cTeKio — nieHka. Ilo mepe yBenwyenua paccTosHud MexKLy 
}-10€M CTCKJIa H MOBEPXHOCTbIO pa3yena pasHOcTh yMeHblaeTca 10 JIMHeHHOMY 
BakOHYy, AOCTHTad HyJia MpH paccrosunu h3. Tpu zanbuelimem yBeIHYeHHH /a 
KPMBaad mpnoOperaer GOonee cnomHbIti XapakTep, 


100 Qe 


lo | O40 


Q 0 Q x eae a ee Fart 
2 40 GO 80 120 160 200 240 sae. f 


Puc. 2. J — KHHeTHKa BbICyWIMBaHHa; 2— KuHeTHKa oGpaso- 

BaHHA BHYTPeHHHX HanpsxKeHHH O HM pasHOCTH xoya 8 Ha 

TpaHule COMPHKOCHOBeHHA CTeKJIO — %KesaTHHa Mp (opMu- 

poBaHuu MleHKHY Hu3 20% pacTBopa 2KeNaTHHbI NyTem ucna- 
PeHHA pacTBopHTeA 


M3 9THX JaHHbIX MOXKHO 3aKJIOUHTb, YTO MOCPeYCTBOM 9KCTPanoNAUH pas- 
HOCTH xojla 0 h = O MbI MOxKeM YCTAHOBHTb HHTEPpaJIbHYyIO BeIMYNHY ABynpe- 
‘JOMJICHHA (pasHOCTH xoOja), a CEMOBATEMbHO, WH BeJIMYHHbI BHYTPeHHETO Hanpa- 
OKCHHA B NOMWIOKKe, H3MCHAIOWLEFOCA B 3ABHCHMOCTH OT BHYTPeHHErO HanpsKe- 
‘HHA B IVIeHKe. 


Al fem? 
130+ 760 KT /om? 
15 

120 
100 

80 @ 
lo zB 
50 

40 SF) 

Fal 

pie gos G10 Of5 20mm d 5 © 5 20mm 


Tonuwuna nneHKu 


Puce. 3. Bauaune TOMULHHbI MeH- 
KH Ha pa3HOcTb xofa 8 H Ha BHYT- 


Wupuxa Haxnecmku 


Puc. 4. Pacnpeqenenve BnyTpeH~ 
HHX HampsKeHHH & MO LWHpHHe 


HaxJIeCTKH B o6paziiax, CKJi€CHHbIX 


PeHHve Hanps>KeHHA oO Ha rpaHHue 
20% pacTsopaMu >KemaTHHb! _* 


CONPHKOCHOBeHHA, BOSHHKAalOulHe 

pw dbopMupoBaHHu MIeHoK, o6pa- 

30BaHHbIX H3 20% pacTBOpoB x*Ke- 
JIaTHHBI 


OcHoBbIBanch Ha CHMOaTHOCTH MpolleccoB HapacTaKHA HM pellakcallMH BHYy= 
TPeHHUX HanpsAxKeHnH B KMeeBOM COe H B YNPyrol MpospayHOH. NosioxKKe, 
HOCPeACTBOM U3MePeHHA ABOMHOFO JIYYENPEOMNCHHA B NOWOKKE MOXKHO CyIe- 
JIMTb TaK2K€ 3€ H3MCHEHHEM HallpAKeHHOCTH B (POpMHpyIOulehcA MIeHKE B: 3a- 
BHCHMOCTH OT BpeMeHH HCMapeHHsA BONDI (pc. 2), TOMUMHbI NIeHKH (puc.. 3),. 
IMPUHbI HaXJIECTKH JBYX CKJCCHHbIX CTCKJIAHHbIX MOBEPXHOCTeH (puc. 4) vw ap. 

Takum o6pa3oM, B JaHHOl paOoTe HaMH MpegmaraeTca MeTO onpereeHns: 
BeJIMYHHbI BHYTPCHHUX HalpsxKeHHH B IWICHKAX, (popMupylOulAxcs: Ha TBep- 
WbIX MpOSpayHbIX H3OTPOMHEIX NOMIOKKaX, OCHOBAHHbIN Ha ONPeLCeHHH) BE/IH- 
UHH JIBYNpeNOMIeHHA 3a MpefeaMH 3OHbI CPOPMUPOBAHHA KeeBOrO: COA, 
4 MOKa3bIBaeTCA BO3MO?KHOCTb HCMO/Ib3OBaHMA 9TOFO METOMa WIA OWCHKH 
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Kak CYMMA@pHOM BeJIMUMHbI, TAK H KHHCTHKH HapaCTaHHA BHYTPeHHHX (ycayou- 
HbIX) HalpsAxKeHHH. 

Bpipaxkaem OularofapHoctb axag. B. A. Kapruuy 3a pay WeHHbIX 3aMeuaHHi 
mpu oOcyxeHHH JaHHOw padorul. 


Hay4Ho-vccefoBpaTeIbCKHi, PUSHKO-XHMHYCCKHH HHCTHTYT Iloctynuao | 
um. J]. A. Kapnosa 6 VIII 1958 


JleHHHrpascKHl TexXHOJIOrHuecKHH MHCTHTYT 
MIMULeBOM IpOMbILIJIeHHOCTH 


WHMTHPOBAHHAH JIMTEPATYPA 


CA. iiipennep, MMe Sy Gos, Komi sky pres 5,1 Gola(195/()ae cavemen a 
pakuna, B. A. Kaprunu, 2. H. CoronosB a; -Xum, .mpom., 5, 265) (95g). 
YA. B. Crenauos, KT®, 2, 205 (1949). | 


Hornaygn Akangemun Hayr’ CCEP 
1959. Tom 124, Ne 5 


XHMHYECKAA TEXHOJIOTH A 


A. HW. BHTKHH 


COBMELMEHHE MPOWECCOB OT)KHFA HW FOPAYEFO MOKPbITHA 
C MOMOUIbIO COJIEBbIX PACNJIABOB 


(ITpedcmaeaeno axademukom H. Ii, Bapdunem 29 VIII 1958) 


PaHee aBTOpoM ObIJIO yCTaHOBMeHO, YTO MPHMeHAIONIHiICA B Mpouecce rops- 
4ero NOKPbITHA Csloc MpescTaBiaer coOol s1eKTpomnT (pacTBop HM pacras), 
43 KOTOPOrO Ha NOBEPXHOCTH CTaJIbHOH JICHTbI (JIMCTa) BbICaxKUBaeTCA MeTaJ, 
OMHOHMCHHbIM MeTay BaHHbI (+). Jlanee noKa3aHo, 4TO OOA3aTeEMbHOLi CoctTa- 
BUAIOULeH Cbltoca LO/I2KHa OBIT COJIb MeTaJIJIa NOKPbITHA HM UTO, YeM BBIILe Temre- 
paTypa qulroca, TEM HHTeHCHBHeH UeT Mpolecc BbICaKUBAHHA. 

Bpeyennem Bo cpiroc (ZnCl2; ZnCle ++ SnCle), xopHyoB ueOUHbIX (MIM 1e- 
JIOUHOSEMEJIbHBIX) MeTasIoB — NaCl, KCl, BaCle u tT. 2.— moxuo TOUKY 
MJlaBJICHHA (proca -pacMaBa MOAHATb B OOsaCTbh TemMepaTyp peKpucTasn3a- 
IHH MasloyriepoqucTon ctasnu. B aToM cayuae cpiioc-paciiaB CTaHOBHTCA Tak- 
2%Ke Cpelol Wid oTKuUra. B paBHOH Mepe comeBOH paciaB u3 XJOPUAOB WLe104- 
HbIX HIM ULeIOUHOSEMEIbHbIX MeTAJIJIOB, TIPHMCHAIOULHIicA WIA TepMHuecKoli 
OOpaOoTKH CTaJIbHbIX H3eIMM, CTAHOBHTCA OJHOBPeMeHHO (pJIIOCOM, eCJIH B ero 
COCTaB BBECTH XJIOPHAbI MeTaJIJIOB MOKpbITHA (ZiCl2, SnCle u 7. 7.). 

Cmecb Taknx come, KaK NaCl, KCl, ZnCle u SnCle, mpuyaer pacnuaBy ceyto- 
ulwe HeEOOXoOsuMbIe KayvecTBa: SnCle u KCl yBeruuuBaloT 91EKTPOMPOBOAHOCTh pac- 
mapa; ZnCle u SnCle qenaioT paciaB aKTHBHbIM, COMepxKallluM MOHD! MeTaJJIOB 
MNOKPbITHA, HM KaAK MOBEPXHOCTHO-aKTHBHbIe BeULeCTBa CHOCOOCTBYIOT xopollemy 
pacTeKaHHulo MeTaJIJla MOKPLITHA MO MOAPOTOBJICHHOH CTa/IbHOH MOBepXHOCTH. 
IIpu spegenuu ZnCle wv SnCle cHuxkaercs TONKA HaBJCHHA COMeBOFO PacnaBa H, 
CICOBATCIbHO, YBeIMUNBAeTCH TeMMepaTYPHbIli HHTepBal MexKLy TOUKOM MVla- 
BJICHHA HM padouel Temmepatypol. B cBasu C 9THM MOBbIIMAaeTCA HHTCHCHBHOCTb 
MpoieccoB TemooOMeHa H 3/IeKTPoocaKeHuA (ay 

Takum 06pa30M, CTaHOBHTCA BOSMOXHbIM COBMECTHT IPOMeCChl PeKPHCTas- 
JIM3allMH HW P/IOCOBAaHUA B OHO 2XUAKOH cpeqe — CoseBOM paciiaBe — U CO3- 
WaTb arperaT oTKura MU MOKPbITHA. ; ‘ 

Jlia BpiOopa ONnTHMaIbHBIX P@XHMOB OTKHTa H MOKPITHS TOHKOM CTaJbHOU 
JICHTbI Obla Cosqana JaOopaTopHad yCTaHOBKA, COCTOMIMAaA H3 CHJIMTOBOH WaXxT- 
Hol neyn 6 KBT, C HeOOXOAMMOH allmapaTypoH MIA NMoAMepxaHnA 3a1aHHOH 
Temlepatypbl pacnaBa. B neub moMemlaiu rpacuToBblit CTakaH C COJEBbIM pac- 
mw1aBoM. O6pa3ibl B BUe OTPe3KOB CTa/IbHOH XOJIOMHOKATAHOH JICHTHI (150 

x60 0,27 mM), O6e32KMPeHHbIe, TPaBJeHbIe, MPOMbITHIC H MPOCYMICHHBIC, OMNYC- 
Ka B COueBOH pactinaB pH AaHHOH Temmepatype (Tp). Tlocue onpexenennoro 
BPeMeHH BbILep2xKKH B PaciiaBe (c) KaxkIbIH OOpasell oxJaKaHn HOO Ha BO3- 
Iyxe, #60 B BaHHe C paciaBJeHHbIM IMHKOM HJM O/OBOM Jo TeMMepatypbl 


350—450°, a 3aTeM Ha BO3sJyXxe. 


C nenpio onpeteneHua BesIMUHHEI + K CTabHOMy oOpastty (40 400,27 mm) 


ipuBapuBasu craii TepMorapbl; OOpasell oNyCKaln B OO sania ts Hieiety 
ocunsorpape MII-02 sanncbiBanu KpuBy!0 Moxpema TemMlepaTypbl oopasiia. 
Ha puc. | noKa3aHa 3aBHCHMOCTb BPpeCMCHH Er taming cy Vea ise 
pacnapa; Kpusbie / — //] mocTrpoeHbl Ha OCHOBaHHM NOTYTCHHBIX OCHO" 
rpaMM. SaliTpuxopanHad Ha rpacuKe oOuacTh TeMNepaTyp OTKHTA WIA CTaJu 
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08 KI] nepecexaetca KpuBprmn J—///, em uw OmpedeuaeTca BpeMA 7, IPH KO- 
TOpoM TemMepaTypa CTaIbHOM JIeHTb! MepexOAHT B oOs1acTb pekpuctasiHeaaga 
IIpu 7,)=750, 800 u 850°, « paBxo 13—20, 4—5 u 3—4 CeK., COOTBETCTBCHHO. 
OG6ujee BPCEMA OTKHTA WH OXMAaKMeHHA MPH T p=850° u «=4 ceK. cocTaBlaer 
~ 50 ceK. H, KaK BHJHO u3 KpuBbIx / u 2 Ha PHC. 1, 3HaUMTeEJIbHO MeCHbILe NO 
cpaBHeHHIO C P@KHMMOM OTKHTA HM OXMaKCHHA B MPOXOAHBIX «OallleHHbIx» 


medax. 


-_— 


fees 20 40 60 G0cek 


EE 


jemi es 
& G 6 [Pye ER leah 


Puc. 1. OnpefeneHve BpeMeHH OTKHTa B 3aBHCHMOCTH OT 

° 
TeMMepaTypbl COeBoro pacnwaBa (T,): I = 750°, II —800°, 
III — 850°; 1 —spema o7xura H OXJIaxK,eHHA OOpasila 
mpH 7,,= 850°, 2—Bpema onkura HW oxsaxKeHHA TOHKOH 


CTaJIbHOM JICHTbI B HeMpepbIBHbIX Meyax OallieHHoro THMAa 


Ilo ycTaHOBJICHHbIM pexKUMaM, CTaJIbHbIe OOPa3iibl OblIH NOABEprHyyTbl OTAKUTY 

MW oxJiaxeHut0. Tlocae BbiepKKU B COJIEBOM pacilaBe OOpa3libl NOKPbIBaJIHCb 
TOHKHM CJIO€M BbICaxKeHHOTO OoBa. M3yyeHHe mo, MHKPOCKONOM mMOKa3saJloO 
Hanune Au@pysnouHoro csioa Fe —Sn 

Ta6nuna 1 M@XK]ly CTaJIbHOHM MOBePXHOCTHIO H OJIO- 

BAHHBIM MOKpoBoM. Ilocue oxaKeHHA 


5.0 : g g zi B pacilaBe WHHKa WIM OOBa NOBepx- 

So ae ay oe z HOCTb OOpasloB Oblla 3allluuleHa poB- 

EE 58 ae Sg aan a HbIM CIWIOWIHBbIM CJIOCEM COOTBETCTBYIO- 
a5 ae | £8s Ese | 63 lero, HOKPhITH A. 

Kak BHHO u3 puc. 2u Taba. 1, 

850 4 31,8 25,4 | 38,0 MHKpOCTpykTypa OTOx2xKeHHEIX O6pa3- 

3 32,0 27,3 | 37,0 WOBH HX MexaHHYeCKHe CBOHCTBAa HE OT- 

a 5 sean aed ae JIMUAIOTCA OT TAKOBLIX JWIH HOPMaJIbHO 

750 90 339 58°9 | 39'9 OTOAGKEHHOH 2KeCTH 3aBoja «Sanoporx- 


i ae Rie e pede: idl as CTaJIb>. Oco6eHHO 3TO OTHOCHTCA K 06- 

ee , Pa3ilaM, OTOX2KCHHBIM B COJICBOM pacila-. 

apeccuposax- Be mpH 7p)=850° wu <4 cex. Jlanupie 

Has HCNbITaHHH 10 OpuKkceny u ruOy TaKxKe- 
CoBMayaioT C aHavIOrHUHbIMH MoKagaTe- 
JIAMM TIPOMBILVJICHHOH xKeCTH. 

CreqyeT uMeTb B Buy, YTO KaxybIli pa3 Mpu BHIOope pexkuMa OTKHTa HEOO- 
XOMMMO Tipexkle BCero HaliTH ONTHMAaIbHOe 3HaveHHe BeAHUNHD t pH aHHok 
Temnepatype 7’). OObmMHO c yBeIMUeHHeM + MexaHHuecKne cBOlicTBa peKpuctai- 
JIHSOBAHHOH CTaJIM MOCTeNeHHO yslyualoTcs JO OlpeeeHHOrO MakCHMyMa 
Tocn€ Wero OHH 3aMeTHO yxygualoTca (puc. 3) 

Ha qaHHom strane ncecnenoBanuit mpe 


ACTABJIACTCA BOSMOXKHBIM MpakTH¥eCKH 

Tl 

Sees COBMCHLEHHbIC TPOWECCh! OTAKUTA HU MOKPbITHA TOMbKO Tp IWMHKO- 

ee JICHTbI, KOPLa NOCMe XONOAHOM MpOKaTKH H OMKUTAa B TeXHOMIO- 
XEME IIPOH3BOACTBA HE IPHMeHAIOT A,peccupoBKu. IIpu ocymectBaennu 


ropsyver ; 
oe © AY2KCHUA [PeCCCHPOBKa TOHKOM CTaMbHOMt JeHTHI TomMuHOK 0,2—0,3 mm 
4 


}ABIIACTCA HEOOXOMMBIM 3BeHOM TeXHOMOrHH, H NO3sTOMy B JaHHOM 
~y4a€ BOSHUKAaIOT CepbesHble 3aTpyHeHHA MPH COBMELLeHHH MpOWeccoB oTKUrAa 
a MOKpbITHs. 
Moxno o6cyAuTb 1Ba HanpaBleHna B pelieHHu STO TpyAHOK 3anaun. IIpu 
€PBOM H3 HHX IIpolecce ApeccupoBKU Mepel NOKPbITHeEM MOXKHO 3aMCHUTb pacra- 
*KCHHEM JICHTHI MO MYTH e€€ CeAOBaHHA Yepe3s pacnaB couleli Hu ONOBa HAN «KE 
MOC1€ NOKPbITHA. OMHAKO MIpH 3TOM Hao uMeTb B BUY, YTO BeIMUnHAa Rebopmalny 


Puc. 2. MukpocrpyKtypa WM MeXaHW¥ecKHe CBOHCTBa TOHKOM CTaJIbHOi JeHTEI, 
OTOXOKCHHOM B COJIEBOM pacmiaBe. A — MarpaMMbi pacTsKeHHA OOpaslloB u3 


TOHKOH JIGEHTOUHOM cTaH. / —oTOxK%KeH Ha 3aBofe «SanopoxcTasb)» B KOsNa- 
KOBBIX Teyax, 2 — 6 — OTOXKKEH B pacniaBe MPH CeMyIoulNx ilps H +: 2— 850°, 
4 cex., 8 — 850°, 3 cex., 4— 850°, 2 cex., 5 — 800°, 3 cex., 6 — 750°, 20 cex. 
B —mnuxpoctpyktypa (400): @— oTox2KeHHOH TOHKOJIHCTOBON cTadH (2kecTH) 
Ha 3aBoye «Samopoxctalb»; O H é¢ — OTOAKAKCHHOH CTaJM B pacmaBe (a—T, = 


OOO ea == 41CeKar C7, = 790°, t— 20 cex.) 


(PpacTAXKeHHA) JOMKHA ObITb B Ipeweax 5—10%; IIOBEPXHOCTb JICHTbI B pe3yJIb- 
PaTe PaCTAXKEHHA CTAHOBHTCA WepOXOBaTOH; PacXO ONOBa Ha MOKPbITHeE yBesH- 
IMBaeTCA; IPH PacTAxKeHHH Moce AyXKeHuA NOKpbITHe HapylmaetTca. Bropoe pe- 
HeHHE MOXKET ObITh HalileHO B OCYIIECTBJICHHH APeCCHPOBKH NMOCe MOKPbITHA. 
Wako, Kak MoKa3aJIH CMelWaIbHO MOCTABJICHHbIe OMIT, IpH Tako Apeccu- 
JOBKE MIPOHCXOAHT 3HAYHTEIbHOe HapyWIeHNe CIVIOWIHOCTH NOKpbITHA. OOcyx- 
|aeMbIli BOIPOC COBMeLIeHMA OTAKUTA H JTY2KCHUA HYAKMaeTCA B AONOMHHTEMbHBIX 
ICCJIEMOBAHHAX HU PeClWIeHHAX. 

Busou. 1. [lpuntunnatbHo BO3MOXKHO COBMECCTHTb Mpolecchl oTaura 
| MOKPbITHA C MOMOL{bIO COJIEBbIX PacilIaBOB. Takoe COBMeIeHHe Mporleccos 
IPCNCTABACTCA BO3MOXKHBIM OCYILECTBHTb B HepBy!O OYepeAb TIpH UWMHKOBaHHH 
TaJbHO meuTbl (puc. 4). B cryyae MpHMeHeHHA CouleBOrO paciaBa U3 XJOpH- 
(OB HaTpHA, Kalua, WHHKa HM O/OBa CONeBOH PpaciaB CTaHOBUTCA cpenou 
WIA TepMuyeCKOH OOpaboTKH u (pJIIOCOBaHHA. 

2. Harpes u cbiiocoBaHue CTA/IbHOli JICHTbI B COJCBOM PacmaBe MpoHcxo- 
UT UpesBElaliHo ObICTPO BCMEACTBHE BbICOKOH HHTCHCHBHOCTH MPpOleccoB TeM10- 


OMeHa HM 2 IeKTPOOcaKeHHA. 
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H MaJloyrulepoAucToH CTaJIM 3aBHCHT OT TeMMe- 
patypbl comeBoro paciiaBa; Mpu MOwbeMe TemilepaTypbl paciiaBa BpeMA pe- 
Kpuctasusalun cHuxKaetca. Ilepexoq Temmepaty Pb! TOHKOHM Sree JICHTbI 
B O6slaCTh TeEMMepaTyp peKPHCTaINZalMH WM MpeObIBaHve B STO OOACTH B IIPe- 


3. Bpema peKpucTain3alu 


Puc. 3. Usmenenve MexaHnuecKHX CBOHCTB Puc. 4. CxeMa COBMeHIeHHA MpoOleccoB OT*KHTa 
TOHKOJIHCTOBOH cTalHw B  3aBHCHMO- MH MOKpbiTua: / —cojeBoH pacnwaB, 2 — x*H]- 
CTH OT Tt MPH T= 750°: J] — npexeu KHii MeTaJIJI MOKpPbITHA, 3 — 3aUlHTHAas aTMO- — 
mpouHoctu oO, (KI / MM?), 2 —npejeut cepa 


TekyyectTu 6, (KT / MM?), 3 — OTHOCHTe.Ib- 
Hoe yAHHeHHe Oy9 (%) 


menax 0,5—1,0 cex. oOecneunBaeT XOpOLIylO CTpyKTypy H BbICOKHe MexaHHye- 
CkKHe CBOHCTBAa CTaJiH 6€3 KaKOH-IHOO JONOJIHUTeCJIbHOH BbIAepXKKH B pacilaBe. 

4. YpeuMueHHe BPCMCHH BbIJepxKKH B COJeBOM paciiaBe 3a MpeeaMu on- 
THMAJIbHbIX 3HaYeCHHH MPHBOANT K yXYyWeHHIO MCXAHWYeCKHX CBOHCTB CTaJIbHOH 
JICHTHI. 


LlentpaibHbiit HaydHo-HccefoBaTetbcKuli ~MHCTHTYT Ilecrynusio 
yepHoli MeTamaypruu 6 VIII 1958 


UHMTHPOBAHHAA JIMTEPATYPA 


1A.HW. Butxun, Hss. AH CCCP, OTH, M 5 (1956).2 A.W. Beasaes uw op., 
@usnyeckat XHMUA pacmiaBeHHBIX comeli, 1957. 
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Jlokxnann Akanemun Hayr CCCP 
1959. Tom 124, Ne 5 


FEOU OLE 


P. ©. TAPEWKHM, B. HU. CAMOJIYPOB u akxagemux A. JI. SHUIMH 


K CTPATHPPA®HM BEPXHEMEJIOBbIX OTJIOD)KEHHM 
KACCAPMHHCKOW AHTHKJIMHAJIM HA 3AMATHOM BEPELy 
APAJIbCKOrO MOPS 


Orxppitrie A.M. Bytaxospm (°) B palione mpica AKTYyMCyK, Ha 3amaqHOM 
6epery Apabcxoro mops, B 1848 r. menoBble oTmOxKeHUA LO CHX Op ocTaloTcs 
euje cla6o usyyeHHbiMu. Pa3uMuHbIMH NCCeOBaTeAMH 3eCb OTMe¥aJIUCb 
| BHIXOJbI OTOAEHHA PasHoro Bospacta: JI. C. Bepr (*) yKaspipas Ha TypoHCKue 
TlayKOHHTOBbIe Necku, dayHy KoToppix A. JI. Apxanreapcexuli (1,2) cuntau 
cenomanckoli; A. MH. Cmonxo (°,°) ormeyan BepxHeceHoHCKHe MesOMOZOGHEIe 
MepreH HM aTckHve KapOonaTHbIe NecuaHHku c HayTusycamu; A. JI. Anum 
(*°) Menonojo6ubIe Mepresiu OTHEC K HW2KHeMy MaaCTpUXTY, a FOPH3OHT C HayTH- 
JIycaMuW — K rpaHule cpequero i BepxHero 9oueHa; E. A. )KyKopa (*) Meuio- 
MOMOOHbIe MepresiH CYMTaa HH2KHHM KaMIMaHOM, a CaMble UX BepxH (po3oBble 
MepreviH), BO3MOXKHO, BepXHHM KaMmaHoM. Kak ObWIO BbINCHeHO Hamu (°), 
NIPpH4HHa CTONb OONbIUINX PasHOracHH 3akIHOUaacb B Tom, uTo JI. C. Bepr 
OCMATPHBAaJI BbIXOJ[bI MEJIOBbIX OTJIOXKeHHH B 20 KM K ceBepy OT MbICa AKkTyMCyK, 
B paloue ypounutla Kaccapma, XOTH OTMeTHJI HX MeCTOMONOAKeHHe — «paHOHOM 
Mbica AKTYMCYK», a OCTAJIbHbIe HCCJi€OBaTeIM — Ha CaMOM MBICy. 

Mewopbie OTJOXKeHHA B palioue mbica AKtymMcyk — kouloqua Kaccapma 
HeNpepbIBHO OCOHaKaloTCA B OOpbIBax 3anamHoro GOepera ApabcKoro mops 
Ha mpoTsxeHHH Oomee 25 km. Ha stom yyacrKe oOppiBoB YctTiopTa pa3BHTbI 
OOJIbIUIHE HM MHOFOUNCJICHHbI€ OMOJISHH, KOTOPbIe HE MO3BOJIAIOT COCTABHTb M0- 
CIOHHbI paspe3 MEJIOBbIX OTIOXKeHHH. OWHAKO OOULYIO UX MOCIICLOBAaTeJIbHOCTb 
yaeTcA YyJIOBHTb. 

CBooBad YacTb pasBUTOM 3eCb AHTHKMIMHAIH Pacnoox*KeHa OM3 KOMOMIa 
Kaccapma, rye Geperospie OOpbIBbI NpuMepHO Ha 30 M BBIllIe ypOBHA MOps CJIO- 
XKCHbI WeCuaHbIMH NMoposamu cpexHero u BepxXHero abOa, ONMCAHHBIMH HaMA 
B cmelHaibHol 3amerKe (°). 

C pa3MbIBOM 110 YeTKOMY KOHTAaKTY Ha BepXHeaJIbOCKHE MeCKH HaleraeT Nauka 
3CJICHOBATO-CePbIX H 2KEJITOBATO-3GJICHbIX TIa@yKOHHTOBBIX IN€CKOB C paccesH- 
HbIMH B HHX 3€PHaMH H XKeBauKaMH PoccpOpuTOB, HCOO/bIIMMH JIMH3aMH M3- 
BECTKOBHCTHIX MeCUaHHKOB H TpocsosMu cepbix rH. [losHy!o MOULHOCTb [vla- 
YKOHHTOBbIX I1€CKOB 3aMepHTb HUTe He yaslOCb, TaK Kak He OblIO BCTpeyeHo 
TaKOFO OOHAKEHHA, B KOTOPOM OblIN Obl BCKPHITbI HW NOOWBA, H KPOBJIA MayKH. 
OyHaKko e€€ MOULHOCTb, 10-BAMMOMY, OObI4HO paBHa He MeHee 5—8 M, a HeTIO- 
cpeycTBeHHO y Komogua Kaccapma He mpeBpilaeT 2,5 M. B mecke BceTpeyaerca 
JIOBOJbHO OobUIOe KOMMUECTBO MemelHNoOX H FacTpONod, ONNCAHHE KOTOPbIx 
mano A. JI. Apxanrenpexum (?) m0 cOopam JI. C. bepra. Hamu B BepxHeli mouo- 
BHHE 3TOM MauKu OblIO COOpaHO B Pa3JIMUHbIX Ce BbIXOAAX NOBOJIbHO OOvIbILIOe 
KOMYeCTBO POCcTpOB akTHHOKaMakcos, onpeyenenHbix JI. I. Haliwupim Kak 
Actinocamax cf. intermedius Arkh. Ouu ouvenb O1M3KH K A. intermedius Arkh. 
v3 TypoHa Pycckot maTPOpMbl H TOJIbKO HeOCTaTOUHO ees COX PaHHOCTb 
3aCTaBJIAeT ONpeesATh HX CO 3HaKOM cf. TouHo TakHe Ke aE 
no cooéuenuto JI. I]. Hattquna, Obiiu nepeaHbl CMy Ha ONPeACTeHHe B. A. Unp- 
HHbIM W3 TypoHa Top Bulu-TIOOA B HH3OBbAX P. Amy-/lapbu (613 r. Hyxyca). 
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Ha ocuopaHuu Haxogoxk Actinocamax rae, lates an mei 
cum K TypoHy. OfnHaKo A. A. 

rylayKOHUTOBbIX Te€CKOB MbI OTHO 
: 2) us >Toll Ke MaYKH WecKOB 110 COopaM JI.C. Bepra onpezesn a xapak 
epHBIe Jit CeHoMana (popmbt KaK Microbacia coronula Goldf. u Actinocamax 
: % - 
cme Arkh. B stax paGorax A. JI. ApxanrembcKuu qOKa3biBall HeoCat as 
MocTbh OTH€CCHHA TaukH KBapeBO-IvlayKOHHTOBBIX HeCKOB ie ge K 
cuntan JI. C. Bepr, a k ceHomany. Ho B cBoeH 6omee no03qHe padoTe (*) OH Mpu 
wel K BbIBOLY, YTO MayKa Me€CKOB C boctpopuTaMy «...MPHHaIe2KuT he 
KTYPOHY,YacTbIO we K CeHOMAaHY, IpHueM Tpanuubl MexKAy STHMH APY 


| | Xaccapma 


Sp 147 eee Fee et ae 


Puc. 1. Cxematuuecknii reomormueckuii paspes BocTouHoro 4HHKa YcTiopTa OT MbIca AKTYM- 
cyK Jo koJloqua Kaccapma. / — JOJIOMHTbI HM H3BeCTHAKM CpeqHero CapMaTa, a B HA3aX MeCTAa- 
MH MaJIOMOWHOro KoHKCKOrO TOopHsoHTa; 2 — KpacHo-Oypble HeCJIOHCThIe PIMHbI CcpeqHero MHO- 
ena (TapxaH-yoKpaka); 3 — 3eeHaH, MeCTaMM C NATHAMM KpaCHOH, HeCJIOMCTad TIMHa CaMbIX 
BepXoB BepXHero 9olleHa (HH3bI UeraHCKOll HW BePpXH CakcaysbCKoli cBHT); 4 — posoBble H OembIe 
Meprelu MH Mel BepXHero 90NeHa (caKCayJIbCKad cBuTa); 5 — IIMHbl BepXHero M cpelHero 
30leHa (TacapaHcKad CBHTa); 6 — M3BeCTHAKH HYMMYJIHTOBBIX CJIOCB OCHOBAHHA CpeAHero 90leHa 
(OcHOBaHMe TacapaHcKolt cBHTbI) c (bocPopHTamMH B NoxoulBe; 7 — MemoNo_OOHBIe MepresH, 
TJIMHUCTbI€ H3BECTHAKH WM M@JI HW2KHeErO KaMIlaHa — caHToHa; 8 — @oc(opHTOHOCHbIe Tlay- 
KOHHTOBbI€ MeCKH TYpOHA H CeHoMaHa; 9 — NecKH, NecuaHHKH HM TIHHbI BepXHerO H CpeAHero 
amb6a; /0 — cdoctpoputy; // — Touku cOopa yNoMHHaeMoli B CTaTbe Makpo- HM MHKpoayHul 


He ycTaHOBJeHo» (cTp. 366). YuuTEtBad HaleHHylO HaMH B BepxaxX MauKH Me- 
CKOB TYPOHCKy!o (bayHy HM MpnBewenHylo B padotax A. JI. ApxanrenbeKoro 
(payHy HECOMHEHHO CeHOMAHCKOPO BOspacTa, CIeLyeT CUMTATh MOCeAHHH BbIBOL 
A. JJ. Apxauyrenpexoro Hau6ojee MpaBYJIbHBIM. 

Ha TypoucKHX riayKOHHTOBbIX MeCKaX 3aJleraeT NOBOIbHO MOIIHaA OHO- 
oOpa3sHan TOMA MeprejelH u Mea Cc PoctopuTOBbIM COeM B OCHOBaHHM MOILI- 
HocTb10 0,3—0,35 m. Mepresu MenonojoOuble, MJIOTHbIC, OMHOPORHHIe, romy6o- 
BaTO-cepble, OesOBaTO-cepble H Oebie; OOpasy!ioT KPyTble, 4YacTO OTBeCHbIe OO- 
pip. Hepeyqko OTAeIbHBIMH TpOCIOAMH BeTpeyaeTcA MOUTH UYHCTHI Med. 
B KpoBje MepresIbHO-MeIOBOH TOM MpoxoyuT mact (MoujHOcTbIO 2—3 M) 
PpO30BOr0 TIMHMCTOFO H3BeCTHAKA, BbILIe KOTOPOrO OObIMHO HaGIOaeTCA HeEOOJIb- 
molt coi (0,4—0,6 mM MouyHocTu) 3e1eHOBaTO-ceporo HIM Gero u3BecTHAKA. Ilo 
BC€H TOJIULe BCTPeyaeTCA OOJIbIIOe KOJIMUYECTBO OCTATKOB PaKOBHMH yCTpHU, Soub- 
MMMHCTBO KOTOPbIX MOXKHO OTHECTH K Buy Gryphaea vesicularis Lam., ayep Echi- 
nocoris sp. HW OTMevaTKOB MHOLepaMoB. 
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2Ke (pocopuToBOroO CilOA OMHAKOB.Cpazy xe NOL (boctpOpHTOBbIM C10eM Obl B3AT 
\oOpaseu, v3 KoTroporo B. I, Mopososoii Bpimeien clelyiomlul KOMMIeKc dopa- 
MuHudep: Gaudryina rugosa d’Orb., Arenobulimina sp., Ataxophragmium 
sp., Cristellaria sp., Frondicularia archiaciana d’Orb., Frondicularia sp., 
Bolivinita eleyi Cushm., Giimbelina globulosa (Ehrenb.), Buliminella sp., 
Gyroidina micheliniana (d’Orb.), G. umbilicata (d’Orb.), Stensidina sp., Glo- 
botruncana marginata (Reuss), Anomalina ammonoides (Reuss), A. infra- 
santonica Balakhm., A. umbilicatula Mjatl. Yxa3anHpit Komniekc rosopuT 
O IIPHHAaWexKHOCTH MCPreIbHO-M@OBOH TOMMIM, 3aeraiouleli nox cbocsboputo- 
BBIM CJIOCM, K HH2KHEMy CaHTOHYy. 

M13 o6pasa HenocpeycrBeHHo BEIUe (octpopuToBoro cmon Obl onpexe- 
aieubi: Gaudryina rugosa d’Orb., Arenobulimina sp., Ataxophragmium sp., 
Bolivinopsis sp., Cristellaria sp. sp. , Flabellina sp., Bolivinita eleyi Cushm., 
Gimbelina globulosa (Ehrenb.), Bulimina brevis d’Orb., Gyroidina depressa 
{Alth.), G. micheliniana (d’Orb.), G. nitida (Reuss), G. ex gr. soldanii 
{d’Orb.), Stensioina aff. praexculpta (Keller), Globotruncana marginata 
(Reuss), Anomalina infrasantonica Balakhm., A. umbilicatula Mjatl. Sror 
KOMIMI€KC (popaMHHuep yKasbiBaeT Ha BEPXHECaHTOHCKHM BOSpacT YaCTH Mep- 
FeIbHO-MeJIOBOH TOMA BEE cocdopuToBoro co. 

OG6pa3ell MepresiaA W3 OCHOBAHHA TOU B Kaccapme Takxke Jal KOMIWIeKC 
qopamunudep BepxuHero caHToHa: Gaudryina pupoides Reuss, Arenobuli- 
mina sp., Ataxophragmium sp., Bolivinopsis rosula (Ehrenb.), Frondicu- 
laria aff. tricarinata d’Orb., Bolivinita eleyi Cushm., Bulimina brevis 
d’Orb., B. parva Franke, Reussia spinulosa (Reuss), Giimbelina glo- 
bulosa (Ehrenb.), Gyroidina depressa (Alth.), G. micheliniana (d’Orb.), Sten- 
sidina exculpta (Reuss), Globigerinella aspera (Ehrenb.), Globotruncana mar- 
ginata (Reuss), Anomalina clementiana (d’Orb.), A. stelligera (Marie), 
A. umbilicatula Mjatl. 

3necb Ke ObIIO HaliqeHO HECKOJbKO OOJIOMKOB OeIeEMHHTEJ, KOTOpbIe, 110 
onpenenenuio JI. I]. Hatyuna, cKopee Bcero OTHOCATCA K Belemnitella prae- 
cursor Stoll. Sta HaxolKa MOATBepxKTaeT CAHTOHCKHH BO3PacT HH30B Meprelib- 
HO-MeJIOBOM TOM y KONOMWa Kaccapma. M3 o6pasiua Mepreas, B 1,6 M HIKE 
OCHOBaHuA MaeoreHa B paspe3se KoNoAWa Kaccapma, B. I’. Mopososoit Obl 
ompegeneH Kommsekc dopamunudep: Arenobulimina presli (Reuss), Ataxo- 
phragmium compactum Brotz., Textularia baudoiniana d’Orb., Bolivinopsis 
rosula (Ehrenb.), Giimbelina globulosa (Enrenb.), Bolivinoides aff. decoratus 
(Jones), Buliminella obtusa (d’Orb.), Gyroidina depressa (alt), G. micheli- 
niana (d’Orb.), G. umbilicata(d’Orb.), Stensioina exculpta (Reuss), Globo- 
truncana marginata (Reuss), Anomalina aktulagayensis Vass., A. clementiana 
(d’Orb.), A. dainae Mjatl., A. umbilicatula Mjatl. Qror kommmexc orHocutcsa 
7 Sef e ciniesanoce. B KPOBJe€ MeprebHO-MEJOBOH TOMI saleraeT po3so- 
Bolt u Oenpiit ugpectuaKk. B 12 xm x cepepy oT Mbica AKTyMcyk us Cate po- 
30B0FO H3BeCTHAKA U3 CaMOM KpOBAM TOMUH ObwIM ONpetemeHbI: Ataxop nee! 
mium cf. orbigninaeformis Vass., Arenobulimina obesa (Reuss), Rees ae 
baudoiniana d’Orb., Orbignyna inflata (Reuss), Martinottiella sp., ( ie elina 
globulosa (Ehrenb.), Buliminella obtusa (d’Orb.), Gyroidina te iniana 
(d’Orb.), G. umbilicata (d’Orb.), Stensidina exculpta (Reuss), Globotruncana 
arca (Cushm.) G. marginata (Reuss), Anomalina clementiana (d’Orb.), A. umbi- 
licatula Mjatl. STOT KOMIMIEKC TOBOPUT O IIpHHaNcxKHOCTH POSOBOFO HSBeer 
HaKa elle K HwKHeMy KamnaHy. B sToli BepxHeH YacTH TOMI HaOs0alorca 


OUeCHb KPYIIHble PakOBHHb! HHOWepaMoB, AO 0,5 M JJIHHbI. 
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Takum oOpa30M, HH2KHAA YaCTb Me€pre@JIbHO-MeJIOBOH TOM paloHa Kac- 
CapMHHCKOM aHTHKJIMHaJIM MpHHaexKUT CaHTOHY, a BCPXHAA (BIJIOTb JO KPOB- 
ju) — HwKHeMy KaMMaHy. BpiseuTb CaMOCTOATEIBHO KaxwkMO€ U3 9TUX CTPaTH- 
rpawyeckux moxpasyenenuli us e1HHOH omHooOpasHOH TOMA MepreseH w 
Mesa 6€3 J\eTaIbHOH MOcOHHOH MuKpodayHuCTH4eCKOU oOpa6oTKH He yaeTca. 
TpyAHO CKa3aTb 4 OO UX MOLLHOCTAX B OTC bHOCTH. B 1eJ10OM K€ MOULHOCTb Mep- 
PeJIbHO-MeIOBOH TOJULM y KoNOAWa KaccapMa MpHMepHO paBHa 40—45 m; k try 
OHa yBeIMUMBaeTCA H He JOxosa 7 KM Jo MbIcCa AKTyMCYK IpeBblllaeT yrxKe 50 M. 
Ha norpy2KeHUAX KPbWIbeB AHTHKJIMHAaIH MOULHOCTh TOMMLM HOKHA ObITh elle 
6ouIbule. 

OrioxKeHHUA HWXKHeErO KaMMaHa TepeKPbIBalOTCA HYMMYJIMTOBbIMH CJIOAMK | 
CpelHero 2OWeHa, B OCHOBAHMH KOTOPbIX IIPOXOAMT cboctbopuTOBbIM COM, mpez- 
CTABIAIONUE COOOL Cebit U3BeCTHAK C paccexHHOH toc*opuTOBOH TaJIbKOH. 
HyMMyaHTOBbIe COM COCTOAT M3 MepecaHBaHuA MaCTOB OeJIbIX, 2KCJITOBATO- 
Cepbix H PO3OBbIX H3BecTHAKOB. Ha mpicy AKTYMCyK B UX HW KHEH YaCTH BCTpe- 
ualorcd ocTaTKH pakooOpasubix Ranina marestiana Koenig (onpememenne 
P. ®. Texxepa). B Gomee BbICOKMX UaCTAX pa3pe3sa HSBECTHAKOB OOHAPy?KeHbI 
paxosunbi Discocyclina cf. sella d’Arch. 4 OO010MKH HYMMYJIMTOB, OJIMSKMX 
Nummulites irregularis Desh., a B CaMbIX BepxaX, B PpA3HO-CepOM H3BeCTHAKe, 
CojlepxKHTCA TOPH3OHT KPe€MHUCTHIX CTAKeCHHH H Xa/MeOHHPOBAHHbIX PaKOBHH | 
Aturia alabamensis (Morton) (onpegesenue B. H. IUumaucxoro), Koroppie 
B 1858 r. Opwin onucanpi T. B. AOuxom no cOopam A. H. Byrakopa mo Ha3Ba- | 
nuem Aganides ustjurtensis (4), a A. HW. Cmouxo (8,°) oum6ouHo ompeyeieHbt 
Kak Hercoglossa danica Schloth. 

MowulHOcTb HYMMYJIHTOBBIX CJIO€B YMeHbIUlaeTCA MPH JBMXKeHHH C ora Ha 
ceBep; Ha mbicy AkTyMcykK OHa HMeeT HaHOOJIbUTyIO BeIMYHHY H paBHa 13 M, 
B 7 KM K CeBepy coKpaulaetca Jo 5,5 M, B 12. KM ceBepHee mpica AKkTyMcyK 
yYMeHbllaeTcA yxKe No 2,25 M, a y Kooga KaccapMa HYMMYJIHTOBBIe COK 
IIpeACTaBJIeHbl OAHHM TvacToM Oesoro H3BeCTHAKA MOLHOCTHIO 0,6 M. 

Takum 00pa30M, HaMH MOATBep»xKaeTCA MpHcyTCTBHe Ha 3alaqHom GOepery 
ApasbcKoro MOpsx C€HOMaHCKMX OTJO*KeHHi, O ayHe KoTOpHIX nucan A. JI. 
Apxanrepckuit (',”), TYPOHCKHX OTJIOXKEeHHH, BMePBbIe OTMCYCHHBIX 3)]eCb 
JI. C. Beprom (*), ycraHaBsiMBaeTca HaJIM4une MeONOAOOHBIX Mepreseli H Mella 
HWKHELO HM BepXHero CaHTOHa H B OCHOBHOM NloTBepxaeTcs BbIBOL E. A. )Ky- 
KoBoii (“) 0 TOM, YTO paspe3 BepXHePo MeJIa B paiione Mpica AkTymcyK — Kovlopia 
KaccapMa BeHuaeTca OTOXKCHHAMH HW2KHETO KaMMaHna, K KOTOPBIM, B OTMUHe 
oT E. A. )Kykosoii, Mbl OTHOCHM HM Nauky POSOBOrO H3BeCTHAKA B eFO KPOBUe. 
OAHaKO He HCKJIOYeHA BO3MOXHOCTH, YTO Ha NOPpyXCHHAX KPbWIbeB AHTHKIU- 
HalM CTpaTurpaduyeckuli OObeM MeprebHO-MeJOBOl TOM yBeMUHBaeTca 
3a CYCT NOABJICHHA B €€ BEPXHEli YaCTH CMOeB BepXHero KaMMaHa M MaaCTPUXTAa. 


Teonornyeckuit MHCTHTYT 


TI 
Akajlemun HaykK CCCP D1 X 1958 


IMTHPOBAHHAA JIMTEPATYPA 
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Jornagn Arkayemun Hayk CCCP 
1959. Tom 124, M5 


TFEOJIOrHA 


B. T. MOPO30BA 


CTPATHTPA®HA JATCKO-MOHTCKHX OTJIO)KEHUM KPbIMA 
10 ®OPAMUHYV®EPAM 


(Tpedcmasaeno axademuxom H. C. Iamcxum 29 VII 1958) 


HlatcKuli spyc xXopowio u3BecTeH uv WupoKO pacmpocrpaneH Ha wore CCCP, 
B YacTHocTH B TopHom Kppmy (*,”), re mpekpacHo oxapakTepu30BaH MOpCKUMH 
@2KaMH HW MOJWIIOCKaMH, NO3BOJIAIOWIMMH HE TOJIbKO BbIeIHTb, HO HW MOApasqenTb 
ero Ha [poOuble crpaturpaduyeckue eqnHnubl. MoutcKuli spyc OObIMHO BbIIe- 
Jidetca B Kppimy, HO 6e3 naeouTomoruyueckoro O6ocHoBaHHsA (°,7). Bompoc o 
BepXHeH rpaHHue MaTcKOrO Apyca HU O B3aHMOOTHOWICHHH ero C MOHTCKHM 5IB- 
JIACTCH JHCKYCCHOHHbIM. 

Hopple JaHHble [Wit paspelieHuA paccMaTpuBaemoli Mpo6JeMbI aso usyye- 
Hue CTpaTurpadun u pa3BHTHA CopamMuHudep MaTCKO-MOHTCKUX OTJO*KeHHH 
Kpbima, MpOBOAMBINeeCH ABTOPOM IO eCTECTBEHHbIM paspe3aM BTOPO! PpsAbI 
K pbIMCKHX Trop H 10 GypoBbiM CKBaxKUHaM CremHoro Kppima. Han6ouee novinple, 
HEMPePbIBHbIe Paspe3bl MaTCKO-MOHTCKHX OTJIOXKeHHH HaOsOaucb Ha 1-0. 
TapxankyT, Te 9TH OTMORKeHHA MOCTHTalOT MAKCHMAaJIbHOH MOUHOCTH (Oouee 
300 m), B Bocrounom Kppimy mo 6anKe HacpinkoiicKolt (125—130 m) u B Lleurt- 
pabHom Kppimy no p. Muon (oxono 100 mM). Ha Tapxanxyte mMaacTpuxtTcKue 
WM JlaTCKO-MaJIeCOWeHOBbIe OTJIOMKCHHA BbIPAMKeHbI OLHOOOPasHbIMH KapOOHaTHbIMH 
MOpowqaMv, MepreiMH H MePpreJIHCTbIMH H3BECTHAKAMH UH IPOCJIOAMH H3BeCT- 
KOBHCTHIX TIMH. OTOXHKeHHA 3TH U3Z0ONYIOT (bopamuHHNdepamn. Ilo u3MeHeHHIO 
JIMTOJOTHYeECKOFO COCTaBa H KOMMJICKCOB (OpaMUHUep MaTCKO-MOHTCKHE OTJIO- 
X%KeCHHA OTUCTIIMBO NONpasqesAIOTCA Ha Be KPyMHble CTpaTurpaduyeckue eu- 
HHIbI (Apycbl), ABa NOLbApyca H MATb Oowee M@IKHX (30HbI). CBHTbI H 3OHBI 
Tapxankyta mpociexenbt u B TopHom Kppiy (ra6a. 1). Ppannua mexay 
MaaCTPHXTCKHM H JaTCKHM ApyCaMM 3cCb, TaK %Ke KaK HM B Apyrux paHoHax 
CpequzemHomopckoli o6sactu (*), peskaid H OTMe€YeHa MaCCOBbIM HCU€3HOBCHHEM 
BbICOKOCMeWMaIH3HPOBaHHIX cemelicrs (Globotruncanidae), pogoB u rpynn 
BepX HeMesOBoro MiaHKToHa (Globotruncana, Rugog!obigerina, Biglobigerinella, 
peOpuctbrx Giimbelina) u pasBuTHemM HOBOrO TpeTHYHOTO CeMeHCTBAa Globoro- 
taliidae B cocrape pogos Acarinina, Planorotalites u Globorotalia (°). 

Yinuuckuk nogbpapyce(Dn,)* coorpetctByet nepBomy Stay pas- 
BUTHA JaTCKO-MOHTCKHX (bopamMuHHdep. TIpencraBuieH OTJOXKeCHHAMH C ro0u- 
repuHamu 6e3 rloOoTpyHKaH HU ruo6opoTasuit. Tlogpasyqenaetcad Ha 1Be 3OHBI. 
Il 30Ha—raakKOCTeCHHHX FAoOOurepuH (20rM06nrepHH) — 
XapaKkTepH3yeTCA MOABJCHHEM HM IWMPOKHM PpacnpocTpaHeHHeM B IlWaHKTOHE 
rioOurepH C TOHKOM HW riaqKOH WIM HeACHO MAKPOAYCHCTOH CTCHKOM PaKOBHH, 
ipHHaliexkamux «K mosxpony Eoglobigerina subgen. M., MHOFOUMCJICHHbIX 
Chilogiimbelina sp., Giimbelitria sp. 4 ap. (ciucOK BHOB cM. B Tas. 1). 
Il 30Ha—MeTKOAUVeCHCTHX PAIOOUTe PH H — BaksmoraeT Ipen- 
cTapuTesel noypoxa Globigerina subgen. n. C€ MeJKOAYeHCTON CTeHKOH pa- 
Kopun u3 rpyrnbt Globigerina (Globigerina) pseudobulloides Plummer x 
G. (G.) triloculinoides Plummer. Hoapmenne suenctbix rlOOHrepHH YkKa3blBaet 


+10 5 ay c } dale 6 
< CtpaToTul B CKBa7vKHHax d )XaHKy TCKOrO MOJLYOCTpO 3a (Ta JI, ) 


wa Oosee BEICOKyIO CTYMeHb pasBuTuA opamunndep II 30HbI MO CpaBHeHHto C 
[ 30no0li, Tak KaK AYCHCTOCTb, YBCJIMYHBaA MOBEPXHOCTb PaKOBMHDl, NOBbILUaeT 
ee (plOTaLMOHHYIO cnoco6Hoctb (°). OrsjoxwKenua yisiMHcKoro NobApyca Kppima 
WpepHee Cl0eB CTpaTOTHMa aTCKOrO Apyca B Jlawnu. 

MuuypuHckuh NMombaApye (Dn,)*. ror No_bApyc 3aKdJIto- 
uaeT oMHy opamunndeposyio 30Hy —III 30Hy—MaAOKaMC PHEX 
akapuuuuH (Acarinina indolensis sp. n. — Globoconusa daub jergensis 
(Bronn.)) 4 CooTBeTcTByeT BTOPOMy 9Taly pa3sBHTHA MJlaHKTOHHbIX cbopaMuHH- 
pep, OTMCYeHHOMY TMOABJICHHeM H LWMpOKHMM pacmpocTpaHeHHeM (popM ¢ MeJKO- 
IUMNOBaTOH CTCEHKOM PaKOBHH, MpuHawwiewkaulux K PoslaM Acarinina Subbotina, 
1953, Globoconusa Chalilov, 1956, u Planorotalites Morozova, 1957, a Takxe | 
lmpeAcTaBuTeseli TulaKOCTeCHHbIX Planorotalia Morozova, 1957, C yIJIOBaTbIM 
Hapy2KHbIM Kpaem. I[[unopaTocTh CTeHKH — Npu3HaKk BBICOKOM Ciel\Ma/lM3alMu 
bopamunudep K WwIaHKTOHHOMy OOpa3y 2%M3HH, TaK Kak 9TO, NOLOOHO AYeHC- 
TOCTH, TOBbilaeT MiaByyectb pakoBuH (°). Komuuectso Eoglobigerina B 9ToM 
30He CcoKpaujaetca. Ilo mpucyTcTBHIO XapaKTePHbIX BYOB BepXHeaTCKOrO 
noxpapyca Jlanuu (*) — Globoconusa daubjergensis (Bronn.), Planorotalia 
compressa (Plummer), Globigerina (Globigerina) ex gr. pseudobulloides Plum- 
mer — Bospact III soup! Moker ObITh ompexeueH Kak BepxHeaTCKHh. 


Moutckuh apyc (Pgi)** nogpasmenserco Ha Be 30HBI, 
OTMeueH 3HaUHTebHBIM H3MeHeHHeEM JIMTOMOrMYeCKOrO cocTaBa (MOABJIeHHe 
TeppHreHHOrO MaTepHasla, OKPeMHeHHe) HM COOTBETCTBYe€T HOBOMY, TPeTbeMy 
aTany pasBuTuA dopamMuHudep, AIA KOTOpOrO xapakTepHO MIpHCyTCTBHe HaH- 
Ooulee BbICOKOCMEMMaIM3HPOBAaHHbIX MJIaHKTOHHbIX (POPM JaTCKO-MOHTCKHX OT- 
nomenon. IV 30Ha—A4UeCHCTHX rHaoOOHNTePpHH H XHUMO- 
rioM6€ au H — XapakTepH3yeTCA WIMPpOKHM paCIipocTpaHeHHeM HHTepBanb- 
HbIX akapHHuH Bua Acarinina angulata (White) u Kpynubrx A. praecursoria 
Moroz. QBomouua PopamMuHudep lla B ITO BPeMA B CTOPOHY OOpa3s0BaHHA Kpyli- 
HbIX MHOFOKaMePpHbIX aKaPHHHH C 3HAIOULMM MymKOM u KuHJeBaTEIxX Globoro- 
talia Cushman, 1927 — cbopm, KonBepreHTHo cxogubIx c Globotruncana Cush- 
man, 1927. Slueuctpie Globigerina B STO 30He BBbITeCHAIOT TlaKOCTeCHHBIX 
Eoglobigerina. WIupoxoro pacnpoctpaHesua gocturatot Chilogiimbelina cri- 
nita (Glaessner). Tloapastorca MHOFOUMCeHHbIC JOHHbIC BUbI — Pyramidina 
crassa Brotz., Gyroidinoides pontoni Brotz., Aragonia paleocenica (Brotz.), 
Cibicides burlingtonensis Jennings, Loxostomum applinae (Plummer), Ano- 
malina alleni Plummer u ap., uspecrupie B naneorene UWIpeynu (°), Tlombmm 
(°), JHenmposcko-Joueukoi Bnagquner ('), JlonGacca (), Ceseporo KapKa3a 
(a1bOypranckaa cButa) u Texaca (14). Hexoropsie u3 Buyos (Loxostomum ap- 
‘plinae (Plummer), Anomalina alleni Plummer u p.), ABJIAIOTCA, MO-BHHMOMy, 
MMMHIpaHTaMu, Tak KaK OHH He HMEIOT KOPHeH B MOACTHMAIOULUX OTJORKCHHAX. 
V 30HaA—aHOMANUMHUD, poTanuuk uw MUNANOnUA— 
OTMeUeHa COKPallleCHHeM KOJIMMECTBA IIA@HKTOHHEIX (bopaMuHudep vu yBeIMYeHHeM 
YHCa OCHTOCHLIX BUAOB HM OCOGeH, YTO yKa3bIBaeT Ha HaCTyMIeHHe perpeccuB- 
HOW CTajMu JaTcKO-MouTcKoro OacceltHa. [IpucyTeTBue B 300reHOBLIX H3BeCTHA- 
kax p. besbOex, coorsercrsyroutux IV — V sonam Tapxanxyta, xapakTepHbIx 
AA usBecTHAKOB Fr. Moxuca Bugos Corbis cf. montensis Cossm. u Gryphaea 
cf. montensis Cossm.*** cBnyeTesbcTByeT B NOIb3Y MpaBHJIbHOCTH MpesnooxKe- 
Hua O. K. Jlanre un P. ©. Mupuuuxa (*) 0 cHHxpoHMuHOcTH STHX H3BeCTHAKOB 
© MOHTCKHM spycom Benpruu. 

H310%KeHHbIC BbIMe JaHHbIe MO3BOMAIOT cyeaTb CIELYIOULHE BbIBODI. 

1. Jlarcko-MonTcKue oTmOxKeHUA 0 (bopamunudepamM u JMTOMOrHYeCKHM 
OcoOeCHHOCTAM NoLpasqenmoTeA Ha Tp KPYIHbI€ CAMOCTOATEJIbHbIC CTpaTurpa- 


% . 
a eee B paspese BTOpoH rpaqbt Kpbimckux rop (Ta6.. 1). 
© PacipoctpaveHHIO XapakTepHEIX BALOB aKAPHHUH BePXHAA cTpaTurpadhbwyeckad equ- 


HHIa 2aTCKO-MOHTCKHX OTMOMKeHHH Kpbima Hamu i 
1 i » Bewex 3a E. K. Llyuxot, conocrapaserca 
c¢ subOypraHcKoli cpuToit CesepHoro Kapka3a. 4 pia 


*** Onpexenenua B. K. BacuaenKo mo cOopam apTopa. 
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Ta6Oauua 1 


a 
=) 
a Mousmiocku, MopcKHe exKH tOro-sanaqubiii eH 
ae os a rapyran aya Taprasnyr | pint. p. Bomen,| SST axon” | 6, Hacanntcea 
tov eke) 
Ric 
Se eee | Se ee ee ee 
= Acarinina coni-| * Acarinina  conicotruncata Cucculaea incerta Desh,] Meprena cpetno-| Meprenu romy6o- ? [HHBI TeMHO-cepple 
% cotruncata (Subb.) | (Subb.) Gryphaea antiqua Schw., Cyp-] ceppie mecuanucTbie}] BaTO-cepbie H SeNeHOBaTO-cepbie c 
@ rina ‘Mmorissi Sow., Cardita vol- 80 M 142—15m JIHHSaMH JETPHTYCOBHIX 
& gensis Barb., Turritella kamy- H3BeCTHAKOB c Litho 
schinensis Netsch. thamnium 
6M 
V 30Ha — aHoma-| Chilogiimbelina parva (Vass.), * Corbis cf. montensis Cossm,, V3pecTHAKMeKO-| |{3pecTHAK MeJIKOWO- Uactoe nepecnan- 
AHHH,  poTasuup| * Cibicides favorabilis Vass., | * Gryphaea cf. montensis cbopamuHudeposbl | pamunudepoBbiit TOHKO- BaHHe CHHeEBaTO-ce- 
H MHJIHOAH Anomalina danica Brotz., Hég- | Cossm., Gryphaea sp. ind., 2KeJITOBAaTHIA CnOHCTBI wKeNTOBAaTHIA PbIX HSBECTHAKOB H 
lundina scalaris Franke Cardium sp. ind., Protobrissus 5—8 m © MpocwioamH mecuaHH") .. Mepreuieli 
aff. tercensis (Cotteau) eroro Mepresiz 60 
LS 50—55 M & 
i Mepresu cBeTJIO- 3 
& cepbie c 2KeIBaKaMH g Se 
< TeEMHO-ceporo Kpem- ES 
IV sowa—auen-| * Acarinina praecursoria Mo- Echinocorys cf. pyrenaicus| 14 Mssectuak opra-| WMssectaak oprano-| §& | Uepezopanne Mep- 
CTHIX ruoOurepHH ul roz., {| A. angulata (White), | Seun. no 140m HOreHHO-eTPUTYCcO-| PeHHO-eETPUTYCOBLIA fa |reseli, H3BeCTHAKOB 
XHJIOrIOMOeJIHH j Aragonia paleocenica (Brotz.), pplit 2%«enTosaTplit| xenToBaTEi c TemHo-| O In peAKux mpocs0eB 
Chilogiimbelina crinita (GI1.), 5—10 m CepbIMH KPeMHAMH necuaHHKOB 
{ Pyramidina crassa Brotz., 20 m 35—40 m 
1 Loxostomum applinae 
(Plumm.) 
5 III — 30Ha Mano-| Planorotalia compressa Ancistocrania tuberculata} Mepresu cperno-| Ws3pectHaku Mepreau csBetno-ce-| Meprenu ceppie mec- 
a Z| KAaMepHEIX akapu- (Plumm.), | Globoconusa dau- | (Nils), A. ignabergensis (Retz.).| ceppie MUaHKOBbIe H Kpu-| pple, MecuaHucTble Cc] YaHHcTbIe HW TVIHHbI C 
B | HHH (Acarinina in-] bjergensis (Bronn.), * Acarinina | Hemiaster inkermanensis Lore, mo 100 M HOHJHbIe CBeTIO-Cce-| MPOCIOAMH TVJIMHHCTHIX] NPOCNOAMHM NecuaHHKOB 
& =| dolensis sp. n.—| indolensis sp. n. Protobrissus tercensis (Cotteau), pple HM MeCYaHHCTHIX H3BeCT-| H JIHH3aMH OpeK4uHeBHA- 
fQ = Globoconusa dau- Ech. sulcatus Goldf., Ech. py- no 30 mM HAKOB HbIX H3BeCTHAKOB 
~| bjergensis Bronn.) renaicus Seun. 45—18 M oxos0 10 M 
gig eS [eee ese ee 
I] —so0Ha Menxo-| |Globigerina (Globigerina) Meprenu H rJH- Meprenu cpetsio-ce-| Mepresu ceppie, mec- 
AYeHCTHIX ruo6ure-| ex gr. pseudobulloides Plumm., HACTHIC HSBECTHAKH pbie necdaHucTHle, COH-| WaHHcTbIe, TOHKOCJIOH- 
= pHH 1 G. (G.) ex gr. triloculinoides SEE ee at ee cTpie cTbIe 
% Plumm., G. (Eoglobigerina) 6—7 M 7-8 M 
& pseudotriloba White 
as = TlecuaHuk KBaplle- 
= a {| Echinocorys obliquus Ravn, BOC TUIAY ORT Bee 
x = Ech. sulcatus Goldf., | Her- LISS G LANE SEs 
= = coglossa danica (Scloth.) M JH CBeTJIO- menos ATS eee 
> I 30Ha —raagKxo-| | Globigerina (Eoglobigerina) oF i: use 1-10 m Mepreau cepHie cub-| TlecuanucTbie Mepre- 
~| crennpix rao6ure-| quadrata White, | G. (E.) tri- cepHe * HO Tecaanuctsle c 3ep-| 1H H MepresucTHie Nec- 
puu (s0rno6urepuH)| angularis White, 1 G. (E.) Smee HaMH rslayKOHHTAa qaHHKH eee 
pseudotriloba White, | G. (E.) 0,5 M 
eobulloides sp. n., Giimbe- 
litria sp., Chilogiimbelina sp 
oa ete Ae te 9 
= Bolivina incras-}| * Globotruncana plicata © Belemnella arkhangelskyi| UspecTusku Ge-| Tlecuanuku H3Be-| MepreaH necuaHH- Diet HSBECTKOBH- 
¥ sata Reuss var. cras-| White, T Rugoglobigerina ordi-| Naid. able MENONOAOGuHbIe,| CTKOBHCTHIC CBETIO-| CTHIE CBETIO-CepbIe cTBle necuanucTHie 
£ | | sa Vass. naria (Subb.), T Biglobigeri- BBepxy MeprenH | cepble H MepresH 27—30 M 7M 
a 2 nella sp., 7 Giimbelina striata cepble Mio seh si es 
S & (Ehrenb.) * Pseudotextularia Se RA ee 
= varians Rzehak 
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*|puueckne equHUUbI, Kaklaa u3 KOTOPBIX COOTBETCTByer ocoOoMy 9TAaly 3BO- 
JHOWHH HW COM€pXKUT KOMIMICKCHI MaHKTOHHbIX (bopamuuyudep, usmensArounecsa 
OT NPHMUTHBHbIX K Ooulee BbICOKOCIelLHaJIH3HpCBaHHbIM. 

| 2. [pe HuxKHHe EXHHHUbI uMeIOT paHr MOA‘APYCOB UM MpHHaexaT JaTcKo- 
|My spycy, a BEPXHAA—MOHTCKOMY, Ha TO yKa3bIBalOT HAXOAKH XapakTepHbIX 
|}8HOB MOPCKHX €2KeH HM MOJIJIOCKOB M Gouee pesKaa cbayHucTuyecKkaad rpaHula 
{10 Popamunudepam MexAy cpeqHelt u BePXHeH CAHHHILAaMH, OTMe4aemas, TOMH- 
}MO NOABICHHA HOBbIX POPM, Pa3sBUBUINXCA Ha MecTe, TaKKe NOABACHHeM BUH- 
{ HOB, MHrpHpoBaBLINX U3 Apyrux oGmacreli. 

| 3 Crparurpaduyeckasa o60co6eHHOCTS BePXHeH CMMHHIbI H HaHYHe B 
; HEH XapaKTePHBIX TIA MaeoleHa BUOB MOJWIOCKOB MO3BONSIOT MapaJJeJH- 
| 30BaTb €€ C MOHTCKHM Apycom Berpruu uv OKa3biBaloT CAMOCTOATEJIbHOCTb 3TOFO 
| apyca. Hywxe npupegenpr Wuarnospi XapaKTePHbIX MJI@HKTOHHbIX (lopamuHUdep 
 AaTCKO-MOHTCKUX OTJIOXKEHHH: [BYX HOBBIX HOAPOAOB HM ABYX HOBBIX BHOB. 


Hagcem. GLOBIGERINIDAE Carpenter, 1862, trans. Morozova, 1957 
Cem. GLOBIGERINIDAE Carpenter, 1862 
Pon Globigerina d’Orbigny, 1826 


Tloqpoy Eoglobigerina subgen. n. 


Tunnunpli Bul—Globigerina (Eoglobigerina) eobulloides sp. n. Kppim, 
TapxankyT, aTcKu pyc, HW KHMI No_bapyc. 

PakoBuHka Tpoxonquant. Kameppl cyOmlapooOpasnpie. Crenka ToHnKas, 
riaykad. Ycrbe HeOoubWU0e, OTKPbIBACTCA B MYNOK WIM B OKOJOMYNOUHYIO YacTb 
Kpaesoro wBa. Or mpegzctaBureneH noxpoya Globigerina subgen. n. orvaun- 
yaeTCA TOHKOH HM TvlalKOH WIM HEACHO MHKPOAYCHCTOH CTCHKOH PaKOBHHb! H 
HeOOJbIUNMH pa3sMepaMu ycTbsA. CeHoH — JlaTcKHH sApyc. 


a 6 6 


Puc. 1. a — 6 — Globigerina (Eoglobigerina) eobulloides sp. n.,fronorun Ne 3508/1, 
100. Tapxanxyt, qaTcKnit apyc, HwKHM NoAbapyc, I 30a; 2 — e — Acarinina indo- 
lensis sp. n., romotun Ne 3508/2, 100X. TapxaHkyT, 4aTCKHH pyc, BepXHHit Nos- 
apyc. (fonoTunpr xpanatcs B my3ee Teosormueckoro uuctTuTyTa AKaxemun HayK CCCP) 


Globigerina (Eoglobigerina) eobulloides sp. n. 


PaxopuHa Cc Hu3KOl cmupambio. B o6opote Cerersy KaMepbI. D 0,225 MM, 
H 0,13 mm* (puc. 1 a —e). Or Globigerina (Globigerina) bulloides d’Orb. 
u G. (G.) pseudobulloides Plummer ormmuaeTcs MaJleHbKUM yCTbeM u TaqKor 
maim HeoTueTmuBO MUKposYeucTol crenkol. JlaTckui apyC, HWKHHH Nokbsapyc. 


Tlogpog Globigerina subgen. n. 


Globigerina bulloides d’Orbigny, 1926. Cosppemenuure. 
6ulapooOpasHbIx KaMep, CBOOOHO pacmovloxKeH- 
a mIyMowHo cTopoue, yacTo c ryOoH. CrenKxa 


Tunvunbml Buy — 
Pakxopuna TpoxonsHad 3 Cy 
ubix. Yerbe Goupuoe, OObIHO H 
stuenctan. JlarcKuH sxApyc — HBIHEe. 


* DP — nuametp, H — sbicoTa. 
Nas 


Pox Acarinina Subbotina, 1953 


Cem. GLOBOROTALIDAE Cushman, 1927 | 
| 
Acarinina indolensis sp. n. | 


Akapununa roOurepunonogo6uad. Crupasibuad cropoua ci1a0o ymulouleHa. 
B o6opore 5 kamep. Yerbe Kpyrvioe nynounoe. D 0,235 mm, H 0,17 mm (pue. 1 
e—e). Or A. praecursoria Morozova, 1957, u A. schachdagica (Chalilov), 
1956, oTmHu4a TCH MCHbIIMM YHCIOM KaMep B OOOPOTe, OYCHb MeJIKOM LWIMMOBa- 
TOCTbIO CTCHKH HM MCHbIIMMH pasMepaMH PaKOBHHI. JlatcKuH Apyc, BepXHHH 
NOMbApyc. | 


TeomormueckHii WHCTHTYT Iloctynuno 
Akazemun HayK CCCP 22 VII 1968 


WHMTHPOBAHHAA JIMTEPATYPA 


1B. 11. BacuaeuxKko, Muxpodayua CCCP, c6opx. 4, 1950. ?B.T.Bacuaeuxkoa,. 
K. H. Herataes-Hukounos, MAH, 97, Ne 4 (1954). = ho Oo, Beoe pe eae 
Manapmesa,O. ® Haimau, Map. reon. Kom., 31, Ne 1 (1912). 40. K. Taure. 
lr. © Mupuuuk, Bios. MOUII, mporoxom, 1909. * B. lr. Mopo3oBa, COopH. 
Bonmp. mukponan., Ne 2 (1958). ® M.B. Mypatos, TekToHHKa HM HCTOpHA pasBHTHA 
AJIbuHHCKOM PeOCHHKIMHaIbHOM OOMacTH Jora eBpomeHcKol uactH CCCP u compeyeubHbIx 
etpay,1949. 7 P. Bronnimann, Denmark Eclogae Helv., 45,2(1952). ® F. Brot- 
zen, Sver. Geol. Unders., ser. C, Ne 493, Arsbok. 42, Ne 2 (1948). ® F. Brotzen, K. Po- 
Zatys kia, Acta ‘Geol. Polon., 7, Ne 28 (1957)> ~ 2° Ghia 1 lace mE aD aulapuieees, 
et al., Trans. 4 liter. Petrol. Kongress, 1, 1955. “4H. J. Plummer, Univ. Texas Bull., 
2644 (1926). 
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Hoksays Akagemun nayx CCCP 
1959. Tom 124, Ni 5 


FEOJOrHA 


C. B. HEUAEB 


—K BOMPOCY O TEHE3HCE JOJIOMUTOB HW JOJIOMATH3HPOBAHHbIX 


M3BECTHAKOB FOrO-3ANAMHOW OKPAHHBbI JOHBACCA 
([TpedcmasaeHo akademuxom JI. C. Kopocunckum 3 X 1958) 
B pale pyMHbIX paiiOHOB, COxKeCHHbIX MOULHbIMH TOJIULAMH MaJeo3OHCKHx 


KapOOHaTHBIX NOpoOA, JOBOJIBHO YaCTO N23BHTbI JOJIOMHTHI JOJIOMHTH3H pOBaH- 
MBIC H3BeECTHAKH, TeEHE3HC KOTOPBbIX BO MHOFHX CJly4¥aAxX HeEACeH. IIo 3TOMY BOII- 


pocy HMEIOTCA [Ba OCHOBHBIX MH-HHA: 1) QOMOMUTHI MpescTaBsAOT OOpa3zoBa- 
HHA MePBHYHbIe, CeMMECHTAWHO'UHbIe WIM CeCMMCHTALLMOHHO-NareHeTuyecKkHe 
(°) wu 2) qonomuTE! mpercraBisi yr o6pa30BaHna rH] POTepMaJ1bHO-MeTaCcOMaTH- 
SeCKHE, BOSHHKINHE B Pe3yJIbTa°e JOJOMHTH3ALMH U3BECTHAKOB MarHuiicosep- 
2KalLHMH THApPOTepMaJIbHbIMH pi.cTBOpaMH. B OoubuIMHCTBe Cay4aeB B paiionax 
Pa3sBHTHA JOJIOMMTH3aIMH H?CCTHAKOB OTCYTCTBYIOT BbIXOMbI H3BCP2KCHHBIX 
NOpOA, C KOTOPHIMH MOPIa Obl ObITh TeHeTHUCCKH CBA3aHa NOMOMUTH3alHNA (2). 

Ha wro-3sanaquo oKkpanne JlonOacca JOOMUTHI H JOMOMUNTH3HPOBaHHbIe 
HM3BeCTHAKH H3BeECTHbI JaBHO, HO TeHeE3HC HX OKOHUATEJIbHO ele HE BbIACHEH. 
Muorue reovoru CuMTAaIOT JOJIOMMTH3AILMIO TpPOIeccoM, CBASAHHbIM C CeHMeH- 
TallueH KapOOHaTHbIX TOIL BEpXHerO AeEBOHA MH HUKHErO KapOona. B nocweqHee 
Bpema A. II. Cxasapom (°,’) 6buia BbICKagaHa HOBad TOUKA 3peHHA Ha reHesuc 
JIOIOMUTH3aluH B 9TOM palioHe. Kak uzBectHo, A. Il. Cxaap cBa3piBaer ee 
Cc Maweo30HcKOH TpaHHTHOH MHTpy3nen, OAHaKoO popwrB TomMNH D3—C, rpa- 
HHTaMH He NOATBepKAeH PakTHYeCKH UH OTBepraeTcA PANOM UcceqoBaTereH 
((4,1°) uw mp.). Tem ue menee, OorarTbili (aKTHYeCKHH MaTepuas, coOpaHuplli 
A. IJ. Ckaapom, uMeer BaxkKHOe 3HaYeHHe JIA BbIACHCHHA TeHe3HCa JOJIOMHTOB 
WM MOJIOMHTH3HPOBaHHbIX H3BeCTHAKOB tora JLoHOacca. 

JloOMUTH3allHA pasBuTa B NOsoce compsxxeHHA JlonOacca c IIpna3s0BcKum 
KPHCTaJJIMYeCKHM MACCHBOM, KOTOpAad IIpescTaBAeT COOOH CO2%HOe TEKTOHH- 
yeCKOe COOPyXKeHHE C MHOFOYHCJICHHbIMH TepWHHCKHMH M@lMaTHYeCKHMH TIpo- 
aBleHuaAMu. Ha ocoOenHocTax crpaTurpapuu pawOHa MbI OCTaHaBJINBaTbCs He 
‘OyNe€M, MOCKOJIbKY OHH JOCTaTOUHO ocBeLleHbI (?~‘). 

IIpu paccmorpenun reosoro-cTpyKTYPHOro NMOO*KeHHA OJIOMATH3U POBaH- 
HbIX H3BeCCTHAKOB HM JOJIOMHTOB Ha 1oro-3alalHoH oKpanHe JlonOacca OTYETIMBO 
BbICTYMaeT HX MPOCTpaHCTBeCHHaA CBASb C 30HAMH TCKTOHHUCCKHX Hapyllenni 
MW MpOsBJIeHHSMH TepltHHCKoTO MarmaTH3Ma. BecbMa XapakTepHa OTMe¥eHHasl 
MHOPHMH HCCeqoBaTeIAMH palioHa cTporad cTrpaTurpaduyeckaa lpHypoyen- 
HOCTb JIOJOMHTH3aAUHU K KapOOHaTHBIM (ballusiM «Oenoro» JeBOHAa By, WH HH3aM 
TypHelickoro sapyca — JO 3OHbI Cib sBkuounTeIbHO. Tak, B palione c. Hoso- 
Tpouukoro JOJIOMHTEI HHxKHETO KapOOHa Pa3BUTbI B HeMOCpeACTBCHHOM 6J1H30- 
‘CTH C MOILHbIMM 30HAMH TEKTOHHUCCKHUX Hd yee HW BHEJPHBIUMMHCHA MNO HUM 
H3BEPXKeHHbIMH Mopoyamu. Boctounee, B paHoue C. HukowlaeBK, JOJIOMHTH3a- 
IMA H3BeECTHAKOB TOLL «Oeoroy WeBOHa TaK?Ke CBAZAHA C MOMLHBIM TCKTOHH- 
YeCKHM HapylIeHHeM BAOIb Oak Autou-Tapama. Ene Aasibure Ha BOCTOK OT- 
MeueHbI (7) MOmHad JOJIOMHTH3allHA HSBECTHAKOB JO SOHDI C,b BKJIIOUHTeJIbHO 
B mpeyenax CrbuIbcKoro ropcTa H CHH2KeHHE ee 3a MpeqeaMu Popcra. bl, 

[lopcemecrHo xapaKkTep JOMOMHTH3allHH MOpod AawHOrO PaHOHa HE MOXET 
6bITh OObACHCH CeLHMECHTa IWHOHHbIM mporleccom. JlouOMHTH3alMA 3}eCb MeTa- 
coMaTHuecKad, UpesBbIvalHO HepaBHOMeCPHaA, DASE ee TlaBHbIM 00- 
pa30M BAOIb TpeulHH (YTO OTMCUA CLC A.. II. mea (°)) B Bue ee ae 
Hel paBuJIbHOM (POpMb! PHe3 UM Marke WITOKOB, Tak ITO ped ba BCe MepexOJbI 
OT MOUTH HeH3MeCHeHHbIX H3BECTHAKOB K UHMCTHIM JOJIOMHTAM. 1 1paByla, TaKOro 
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pola JOOMUTH3alMA OObACHACTCA Boooule Kak CeMMeHTalMOHHO-JlMareHeTH- 
yeckan (8), B YaCTHOCTH Kak THJIPOXHMHUCCKH-MeTACOMAaTHYeCKAaA, CBASAHHA 
c BO3eliCTBHeM TpYHTOBBIX BO Noce MpeBpallleHHA HSBECTHAKOB B TOPHYtO 
nopoxy (°). OqHaKo TakHM CMOCOOOM He MOxKET ObITh OObACHEHA crpaturpacu- 
yeCKad MPHYPOYCHHOCTh JOJIOMHTOB B WaHHOW Peowloro-cTpyKTyPHOH oOCTaHOB- | 
Ke K CTPOro ONpeeseHHbIM TOpH30HTaM. C PpyHTOBbIMH BOJaMH BOSMOXKHO CBA~ | 
3aTb pasBHTHe CeMMOOOpasHbIX KPHCTAIMKOB NOJOMUTa B NOpax H KaBepHax | 
B KapOOHATHBIX MOposax, HO STOT Mpolecc MO CpaBHeHHIO CO CIVIOMHOM JOuO~ 
MHTH3allNeli HMeeT UPeSBEIMAalHO He3HaYHTebHbIe MaCuITaObl. 

Auanu3 cbaxTos, HaOsl02aBUIMXCH MHOTrHMH TeosoraMM Ha MpOTAKeHHR 
6oubIUOrO BPeMeHH, H JIMUHbIe HaGJIOACHUA, OCHOBAHHbIe Ha MaTepHaslax TOp~ | 
HbIX H OYpOBbIX paOOT B 9TOM PallOHe, MO3BOMAIOT BbICKa3ATb MHEHHE O TeHETH- | 
YeCKOM CBA3H JOJOMUTH3ALMH C BMOJHE OMPeeJICHHbIM KOMIJICKCOM MaJIbIX. | 
MHTPy3Hit WH CYHTATb JOJOMUTbI OOpa3s0BaHHAMU THApOTePpMaJIbHO-MeTaCOMaTH~ 
yeckuMu. Ha reHeTHUeCKYIOCBASb JOJIOMHTOB C MaJIBIMH MHTPy3HAMH HemocpeycT— 
BeHHO B palione Hopo-T ponukoro yKa3biBaeT HX TECHEHIIaA CBASb B IPOCTpaHcTBe, 
a TakrKe BO Bpemeun. BospacT JakoBo-spy3uBHOrO KOMMJIe€KCa MOpO Ha wre — 
Tlon6acca, KaK W3BeCTHO, YCTAHOBJICH JIMIb OTHOCHTeIbHO (°). Hameyenbi 2Ba 
OCHOBHBIX 3TaMa 9THX MposBeHnit: 1-H 9sTaM MpeAcTaBJeH U3IMBUeHCA HU an- 
KOBOH (ball\HAMH OCHOBHOM MarMbl; BO BPCMCHH STOT ZTAM COOTBETCTByeT MepHOLy 
M@KIy ocalkoHakonenHeM <6eoro» u <6yporo» neBoHa (D*—?); 2-4 stan mpex- 
CTABJICH HCKJIOUHTEIbHO MaJIbIMM HHTPY3HAMH OT CpeHero LO KHCJIOFO COCTaBa; 
MIPOABJICHHA STOO 9Tala PacTAHYTbI BO BPeCMeHH OT BEPXHerO JeBona JO cper- 


Hero KapOoua (cBuTa C3). 

Anasv3 B3aMMOOTHOLeCHH MarMaTH¥ecKUX NposBeHH BHyTpH 2-ro 9Tana@ 
NOKa3bIBaeT, YTO CAMbIMH PaHHHMM 3]eCb ObWIM MaJible HHTPy3HH CpelHero u 
YMep€HHO KHCIIOrO COCTaBa C OTKJIOHEHHeM B XHMU3Me K pAy: CHeHHT — Tpa- 
XHAHJ€3HTb, TpaxHalluTb, TpanocuenuT-nopdupbl. StH uHTpy3suu pacmovia- 
raioTca Bcera BbIe mposBmenuli l-ro sTama, HO, Kak M JOMOMHTH3HPOBaHHBIe 


NOPOMb, He BENE 30HEI Cib. Buempenue 9TOrO KOMMIeKCa MOpO], CBA3aHO, 
M0-BHAMMOMY, C TeKTOHHYECKOM (as0li, KOTOPOl COOTBeTCTByeT KOHTHHEH- 
TaJbHbIi TepepbIB (°) B OCaqKOHaKOMIeHHH MexKAy H3BECTHAKOBOM nH JOJIOMH- 
TOBOH TOJIMNaMM TypHs. K reneTHueCKHM NPH3HaKaM CyJIeyeT OTHECTH H AKTHB- 
HOC KOHTAKTHOE BOSREHCTBHE STOO KOMMVJICKCa MaJIbIX HHTPy3HH Ha OCaOUHO- 
opPysuBHyto TOMMY BepXHero JeBOHA, BbIPasHBIeecA B OOPasOBaHHH SMMAOT- 
PpaHaTOBbIX (@HOMAJIbHBI TpawaT pAaAya anspakuT —rpoccyssp) cKapHoB, @ 
TakKKe CEPHUNTH3alHH UM CHIMUMPHKALHH MOpoO B 30HaX KOHTAaKTOB. IJo-Bu- 
AUMOMY, C TEMH 2Ke MaJIBIMM HHTPy3HAMH CJIeyeT CBASbIBaTb XKUJIbI KBapla 
M KapOOHaTOB (KaNbUMT, JOJOMUT, AHKePNT), HeCyUMe MHHKO-MeqHO-CBUHIO- 
BylO CYyJIbPUAHy!IO MHHEepaln3salvio HM NPOABJICHHA KaJIMeBOrO MeTaCOMAaTO3@ 
Ha HEKOTOPOM ylaJICHHH OT STHX MAJIbIX UHTpysuli. M] HakoHell, cleyeT OTMETHTb- 
(bakTbI, YKa3bIBalOWINe Ha MPAMYIO CBA3b JOMOMHTOB C MaJIbIMH HHTPy3HAMH. 
HmenHo Jouomutopaa Toma Cia — C{b NOBepriacb BTOPHYHOH MHHepau3sa- 
UW — MMpHTHsalMH, OKBapleBaHHlo H YacTHUHO PcopuTusanun. H. 3. Tpeb- 
HEM OTMCYCHbI JOJIOMHTHI C cosepxaHHem MgO 20% wu Gonee Ha KOHTAaKTe 
c «mopuputom» (rpaxuanyesutom —C. H.) 8B Hogso-Tpouuxom. B palione 
CrpwibcKoro ropera A. II. Cxaspom onucaHa JonomMuTu3alua Gomee BLICOKUX 
POPHSOHTOB H3BCCTHAKOB HHKHETO KapOona (Cc — C) B KonTaKTe c TpeulMHOH 
B KOTOPYy!O BHEAPHIMCh AaHJC3HTbI, MPHYeM JOOMUTH3alluA OLICTpO gaTyxaeT 
TO HalpaBseHwio K BMellalolulHM TMopofsam. Takum o6pa30M, o/loMUTH3a- 
Ee ee CBASH C Oosee NO3qHHMH MarMaTHUecKuMH MposABAeHHAMH, 
c bl €€ 3aBHCAT, OUCBH]HO, OT HHTCHCHBHOCTH MarMaTHUecKHX. 
TTPOABJICHHM MH AKTHBHOCTH MarMbl, OOYCOBJICHHOM ee XHMM3MOM. 


cet Se PeHe3suCa THAPOTePMasIbHO-MeTaCOMATHUYCCKUX JOJIOMH-- 
PRP dae cs onpoc o Hep BOHCTOAEMIKE MarHud B paCTBOpax, BbI3BaBLUHX. 
ets M3BECTHAKOB. Cuntaior (*), uro Marnuli u3BIeKasca 13 pasvin4y- 

THBIX TOPHBIX NOPOA, BCTPpeyaeMbIX Ha MYTH AByKeHHA ruyqpotrep- 
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MaJIbHBIX PacTBOpoB. B stom cilyuae NOTeHINAIbHBIM HCTOUHHKOM MarHUA CiLy~ 
2KHJI 200-merposbiii MOKPoB BepXHeJeBOHCKUX OCHOBHDIX appy3uBoB, MoscTHato- 
MAH OTOXKCHHA HHKHETO KapOOua, a AKTHBHBIM (PaKTOPOM €FO U3B/ICUCHHA Hi Ie- 
peHoca — pacTBOpbl, TeHeTHYECKH CBA3ZaHHbIE C BHEAPUBLINMUCA B 3TH addy- 


3HBbI MaJIbIMH HHTPy3HAMu Cj-rpanocuenut-nopdbupos u Ap. Upessprmainaa 
pas poOeHHOCTh MOpox B 30He compsxeHus J[oHOacca c JIpnasoscKuM maccn- 
BOM ABHJIaCb OaPONpuATHEIM (akTOpoM WIA MHrpallHH MO 30HaM TPelllMHOBa- 
TOCTH THAPOTePMaJIBHbIX PaCTBOPOB, HSBJICYeHUA MAPHU H3 CoseprxKalllUXx ero 
BEPXHENCBOHCKHX OCHOBHBIX SPy3HBOB M €FoO OTJOXKEHHA, KaK JHEprerTuyecKn 
Golee BLITOMHOFO KaTHOHA, BMECTO KaJIbIINA B U3BeCTHAKaX. Bonne BepOAT- 
HO, YTO MOMHMO Pa31poOJeHHbIX Jua6a3z0B HanOonee GuaronpHaTHBIMH [WIA 
MPOHHKHOBCHHA THAPOTEPMAJIbHbIX PaCTBOPOB H BbIHOCa MarHUus ObWIM TydbI 
TAKE OCHOBHOFO COCTaBa, Ha YTO MOKET yKa3bIBATb NOHHKEHHOE COMep2KaHHe 
MarHust B HUX, HapAyy C MOBBILICHHBIM COjepxKaHHeM Kalua (°) — demeHTa, 
OOyCIOBHBIUerO CNeWHPMYHOCTH MarMbl KOMMVIeKCa MaJIbIX MHTPy3HH, C KOTO- 
PHIM TeHETHYECKH CBASHIBACTCA NOMOMUTH3aLNA. OcBoOowKLaBUInICA pu O.0- 
MUTH3alHH MSBECTHAKOB KaJIbUMH yXOJMJI C BOCXOLAMLMMH pacTBOpaMH H OTVJIa- 
raJicaA B TpelliMHax B BUC KaJIbIMTOBbIX XKMJI HM PHE3, BECbMa OOWJIbHbIX B BepX- 
HMX YaCTAX JOJIOMHTOBOH TOU. 

MexaHv3M JOJIOMHTH3alMH, a TaKXKe OKBaPIeCBaHHUA M3BECTHAKOB, MO2KeT 
ObITh NpescraBieH B cBeTe onbiToB O. II. Mueqnos-Ilerpoesaua (3), cormacHo Ko- 
Topbim MgO u SiO, BpmmesauMBaloTca 43 CepmeHTHHNTAa H CepneHTHHa B 3HauH- 
TCJIbHBIX KOJIMYCCTBAX MOCMe HarpeBaHHA OOPa3sOB MOpoAb, mpuyem pacTBo- 
PHMOCTb KOMIMOHEHTOB pe3KO MalaeT Mpu TemnepaTypax Bpilue 650—700°. 
Takum oOpa3om, eculM B Halliem cmyyae BEIHoc MgO mpu TepMasIbHOM BO3Jeli- 


CTBHH MaJIbIX HHTPy3uli Cy NpOHCXOAM JIM U3 CepleHTHHNsUpOBaHHOll yacTu 
MarHe3HaJIbHbIX CHJIMKaTOB, BXOJAMLMX B COCTAB BePXHEMeCBOHCKHX OCHOBHBIX 
addPy3uBoB, TO MaKCHMaJIbHad HavaJibHad Temnepatypa mporecca Opiwia He Go- 
mee 700°, uTO JOBONbHO xXOpollo cormacyeTca c Temlepatypoi kKpucramu- 
3allMM CKaPHOBbIX AaHOMAJIbHbIX paHaTOB pxAa aHApaquT — rpoccyasap (HwxKe 
750°) (7). OnpirHbim TyTem ycTaHoBuieHo (*), UTO MepHoy HanOombueli NOABWxK- 
HOCTH HOHOB MarHuAl B PeleTKe CHJIMKATOB MpeAWIECTBYeT MePHOAY MOBBILeHHO! 
NOJBYXKHOCTH KpemMHesema. Ilo-BHAHMOMYy, STO ABAAeTCH MPpHUNHOM HaOmOLa- 
eMOro OTCTABaHHA OKBapIeBaHHA OT JOJIOMUTH3ALHH B H3BCCTHAKAX — HaJIMUHe 
cBoeoOpasHoro (bpouta MgO, 3a KoToppm csegyet SiOz. Takum croco6om Bo3- 
MOXHO OObACHHTh MPHyPOUeHHOCTh HanOolee BICOKOKAYECTBEHHOFO JOOMHTA 


° e t 
K BepXHeH 4aCTH JOJIOMHTOBOH TOVJIL[H, 30H Cb, B TO BpeMA Kak ee HH3bI — 


30Ha Cia — HavOomee OKBaplOBaHEl. 

IlpaBusmbuoe pemlenue Bompoca 0 reHesuce AOOMUTH3aluN Ha tore JLoHOacca 
MOXKET CIOCOOCTBOBaTbh MOHCKOBO-pa3BeQOUHbIM paOoTaM, OpHeHTHPOBaHHbIM 
He TOJIbKO Ha (pJIIOCOBOe CbIPbe,HO H Ha PYAHbIC MOCSHbIC HCKOMAeMBIe. 

PyonposBeHuA MOJMMeTaWIOB 34ecb paHbuie He ObliM usBecTHBI. B Ha- 
cTosee 2Ke BpeMA, pH riyOokoM GOypeHun, Ha MpoTsxKeHHu Oomee 100 Km 
BIONb 30HbI couleHeHusn JlonOacca c I]puasoBckuM KPHCTAJIJIMYECKHM MaCCH- 
BOM BBIABJICH PA], 2KWJIbHbIX PYAOMPOABJCHHH WBCTHBIX H PeAKUX MECTAJIOB, 
a Oypbie %Kee€3HAKH HEBbIACHCHHOFO MPOHCXOKACHHA (BO3MOXKHO, 2KEIE3 HIG 
LWIAMbI), TECHO CBAZAHHIC C 30HAMH TEKTOHHYCCKUX HapyleHHH B Mpeqerax 


I O € x eCTBax. 
JOJIOMUTOBOU Te Uy ’ pit p y TBa 


1 X 1958 
IJMTHPOBAHHAA JIUTEPATYPA . ? 
# 3 6opH. M3meneHuble OKOJOpyHbIe Nopokbl H UX NOHCKOBOe 3Haye- 
Hue ihe a "a oe, ae HuKOB, [vapuHeilmue mopozvob6pasylouyme MuHepamb, 1947. 
3 0. Tl Mueanop-IerpocaH, JAH, 87, Ne 3 (1952). * 10. M. Ily mapos- 
Peak. Vise AH CCCP, cep. reowt., Ni 4 (1955). ° A. I]. Po Tau, Teomoruueckue pa- 
OOTHI B Jlonenkom 6acceline metom 1928—1929 rr., 1934. ; A. I]. Ck asap, JAH, 78, 
No 5 (1951). 7 A. I. Cx 14 p, TAH, 91, Ne 3 (1958). FLOM. SGiivpsaex Om areliscn: 
AH ECCP; - cep derconsed@ 6 -(1958).1)2 dies: Ke ay * Oi g6a). P oO Bea bK a, 
> S) , . “» ee = Se ; fr . i : TH- 
O...M xina, Teon. 36., Kui. Hepx. yHiB., = 
, B oe ier io O. Maxyxina, [Teou. *ypH. AH YPCP, 12, B. 1 (1952). 
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Jloxaagn AkaflemMun HaykK GCcGF 
1959. Tom 124, Ne 5 


rEOJOrHA 
T. HW. TEOMOPOBHH, JI. M. FPO3AHJIOBA, H. C. JIEBEAEBA u P. O. XAUATPSH 


K MOAPA3AEJIEHMIO HH)KHEPO BHSE MW NOPPAHHYHBIX CJIOEB 
BHU3E—TYPHE YOPHOM BALWIKMPHH MO ®AYHE POPAMHHNGEP 


(IIpedcmaeneno akademukom C. H. Muponossim 11 X 1958) | 


Bonpoc 0 rpaHule TypHe H BH3e He pelle OMHO3SHAYHO HH B GanaqHoii Ep- 
pone, Ha B CCCP: oguu aBropbl orHocat sony Productus sublaevis K BH3e, 
pyrue — k TypHe; B Bemprun panbure (7) BbienAJICA arke OCOOBIH «BOJIbCOpT- 
CKHH pyc», K KOTOPOMy OTHOCHJIHCb HeOOJIbIIKe, IPpeCHMYLeCTBeHHO KOpailJO- 
BbI€ H3BECTHAKOBbI€ MACCHBbI, OTBeYAIOlNe CTpaTHrpaduyeckn (10 HOBBIM JlaH- 
HbIM) 30He Productus sublaevis H CaMbIM BepxXaM JLOCTOBepHOrO TypHe — Bepx- 
Heli uactu 30HbI Spirifer konincki (?). 

Jlerom 1957 r. I. WU. Teogopopuy u P. O. XayaTpan coOpaiu KaMeHHbIi 
MaTepuall JIA u3syyeHua C(opaMuHHdep Hu HeEOOMbUIOe KOMMYeCTBO MakpodayHbl 
43 HM2KHELO BH3e H MepeXOHbIX COeB K TypHe nO p. Ycyluu (OacceltH p. 3u- 
JIuM), Ha 3amagqHom cksoHe [OxuHoro Ypaia. DayHa PopaMuHHdep ITUX OTJIO 
2keHHH 3umMon 1957—1958 rr. Opa u3y4ena JI. Il. Ppo3sagunoson u H. C. Jle6e- 
JI@BOH. 

Ha ocHoBpaHHu pacipeyesieHHA MHKPO- HU MakpodayHbl H3YY4eHHbIN pa3zpes, 
IIPCHMYULECTBEHHO H3BECTHAKOBHIN, MOLpasyesAeTCA Ha TPH YaCTH, K KOTOPbIM 
WOOaBAeCTCA CULE YETBEPTHI KOMIVICKC, JIMTOMOPHYeCKH OTJIMUHBIM. 

1. Ha mepom Oepery p. Ycyliu u3sy4eH cTpaTurpaduyecKHuH KOMIMJIEKC, 
IIpeACTaBJICHHbIM TeEMHO-cepbIMH (MpOocIoAMH — CepbIMH) H3BeCTHAKAMH, OT- 
BeuaIOLUMH, Cys M0 cbayHe, culoamM c Productus (Plicatifera) sublaevis Kon.; 
MpOCexKCHHAA MOWLHOCTh STHX OTOMRKeHHH 22 M. Cpeaqu Opaxnonoy 3TUX H3BeCT- 
HAKOB B. H. KpecroBuyuKkoBbim onmpenemenpi: Plicatifera humerosa Sow. var 
lata Jan., Dictyoclostus ex. gr. semireticulatus (Mart.), Avonia aculeaticos- 
tata Nal., Productus cf. bristolensis M.-W. var. laticospitis Nal., Produ- 
ctus minimus Dew., Pustula pyxidiformis. Kon.,Chonetes ex gr. papilionacea 
Phill., Ch. comoides Sow., Orthotetes radialis Phill. 3nech 2xe BeTpeueHbI KO- 
PasibI Caninia sp. ex gr. C. spumosa Gorsky (ompegzemenue T. A. JLo6pomto6o- 
Bou), Caninia sp., Syringopora sp. 

B nwKuel YaCTH KOMMVIeKCa B C€POM H3BECTHAKE MHOFOUHCICHHBI WJICHHKH 
KPHHOHeH, a MeCTaMH COjepxaTCA TEMHbIC KPeMHUCTHIe yuacrKu. B ocHoBaHHH 
KOMIIJI€KCa YaCTbI MAJIOMOLLHbIE MPOCJIOH YePHBIX CHMMUTOB. HuKe o6HaxKeHHa 
STUX H3BECTHAKOB PacnOaraeTCH OCbIIb, CKPbIBaIOWlad KaK HeMOCpeCTBeEHHO 
NOACTHIAaOULHe OTOKCHHA, TAK WH HWKEIEKALLHe KPHHOWHBIC MW3BECTHAKH JO- 
CTOBepHoro TypHe. 

O NaHHbIM u3sy4eHHA CPopamMunudep, a Takxe Opaxnonoy, coOpaHHbIx u3 
BCPXHeH YacTH paspesa, paccmaTpuBaemblli (1-ii) KommmeKc wMeer Mepex Obit 
XapakTep OT TYPHe K BH3e, MpPHYeM CooOULecTBO copamMuHUdep skecb cpaBHH- 
TeJIbHO OeqHoe. K BuselicKHM BUaM OTHOCATCA: MepBble MpesCTaBHTeIH y3y- 
uuu — Eostaffela sp. (weckompKo), Endothyra legitima Schlyk., Palaeotex- 
tularia diversa N. Tschern., Tetrataxis aff. immatura Grozd. et Leb., T. ans 
gusta Viss., T. dievi Mal., Valvulinella angulata Brazhn., Hescupie rano- 


‘Pparmensbi u Ap. Typuelicxne pugsi l-ro Kommmexca mpegctapienbt Endothyra 
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imopinata Schlyk., End. persimilis Mal., End. cf. singularia Mal., End. obesa 
Mal., End. superba Mal., End. nebulosa Mal., Tournayella ex or. moelleri 
7 H Ap. B paccmatpupaemom Kommmekce MmHorogucneHHB mapatTypaM- 

Kak MOXKHO BUeTb, coobmecTBO cbopamunudep l-ro komnaexca p. Ycyliuu 
‘OJIM3KO K HaOJIOLalouleMycal B JIYHbe€BCKOM TOPH30HTEe, BbIeJICHHOM Ha Cpenuem 
Y pane H. II. Manaxoso# (2). annpiii kommmexc p. Ycyiiiu, Kak wu JIyHbeBcKHi 


_POPHSOHT, OTHOCHTCH HaMH K HepeXOAHbIM C0AM TypHe — Buse. Ilo p. Yeyiinu 


B BepxHel, HanOoubueH MO MoUHOCTH, YacTH PpaccMaTpHBaeMoro kKOMIIeKCa 
aya tbopamunndep copepxurT Sobre BH3elicKUux (opM, 4eM B HH3ax Mpoce- 
2KeHHOFO paspesa. 

Crincox (bopamunndep, ompeyeneHHEIx “3 HMKHEFO H3Y4eHHOrO KOMIMVJIeKCa 
p. Ycylinu, Taxos: Eostaffella sp. (weckombKo), Endothyra cf. similis Raus. 
et Reitl., End. ex gr. prisca Raus. et Reitl., End. legitima Schlyk. msc., 
End. exigua Schlyk. msc., End. aff. superba Mal., End. inopinata Schlyk. 
msc., End. cf. stricta Schlyk. msc., End. nebulosa Mal., End. aff. persi- 
milis Mal., End. aff. tschikmanica Mal., End. aff. singularia Mal., End. 
obesa Mal., End. cf. pannusaeformis Schlyk., Haplophragmella sp., Palaeo- 


. textularia diversa N. Tschern., Pal. aff. breviseptata Lip., Tournayella 
_ ex gr. moelleri Mal., Spiroplectammina cf. guttula Mal., Spir. cf. parva N. 


Tschern., Tetrataxis angusta Viss., T. dievi Mal., T. kiselicus Mal., T. aff. 
immatura Grozd. et Leb., T. subimedia Brazhn., T. cf. media Viss., Valvu- 


| linella lata Grozd. et Leb., Valv. angulata Brazhn., Valv. cf. youngi Brady, 


Valv. pozhiensis Grozd. et Leb., Glomospira serenae Mal., Brunsia pulchra 
Mikh., Bruns. aff. spirillinoides Grozd. et Leb., Hyperammina vulgaris var. 
minor Raus., Hyp. minima Bir., Parathurammina suleimanovi Lip., Par. 


_cushmani var. minima Antr. u Hekoroppie ypyrue. 


2. Ha BepuimuHe seporo cksioHa p. Ycylinn HaOmoamucb TIbIObI CBeTJO- 


_ceporo MeJIKO- HW CpefHe3epHHCTOrO KBapIWMTORUAHOTO KBapleBoro MmecuaHHka 


mM OenoBaTOrO KBapIHTOBHAHOTO aJleBpPONTAa, 3aleratollue MOUTH HeMocpescT- 
BeHHO BbIIlI€ H3BECTHAKOB MepBOro KOMMVIeKCa H TpecTaBJI AONE Oosee ycTou- 
YNBbIeE K BbIBETPHBaHHIO MOPOb, BepOATHO — CTaJIMHOrOpCKOrO TOPH3OHTA. 
MouHocTbh 3TOrO KOMIJI€KCa YCTaHOBHTb He yaJlocb, a B COOpaHHbIx OOpaslax 
OTCYTCTBYIOT He TOJbKO (opamuHHdepbl, HO MH OCTAaTKH CHOp. 

3. Ha mpapom Gepery p. Ycyltuiu, crparurpatuyeckn BbIe, 3aleraioT u3- 
BeCTHAKH Cepble H TEMHO-Cepble C OTCIbHbIMH MPOCIOAMH TCMHO-CepbIX, MOUTH 
YePHbIX, H3BCCTHAKOB HM KOPHYHEBATO-CepbIX NOJOMHTOBBIX HSBECTHAKOB, XapaK- 
Tepusyroulveca Hauunem Lithostrotion, Syringopora, XoHeTecoB (Chonetes 
ex gr. papilionacea Phill.), orqeqpHbix KpynHHIx mpogyKtTug (Gigantoproductus 
mirus (Freks.)) 1 d@opamuHudep sacHonomsAHcKoro noxbapyca. MouHocTb STHuXx 
OTMOXKeHUH He MeHee 12 M; OHH OTBEeUAIOT, MO-BHAHMOMY, TYJIbCKOMY TOPH30HTY 
IloqmockopuHoro Oaccelina. 

OTJIOKeCHHA ACHOMOMAHCKOFO MOKbAPyca CORepxaT 3ecb XOTA H MeHee Oo- 
raTbiit KOMMIeKc (bopamuHudep, eM cTpaTurpapuyecku BBILUCIEXKALLMe, HO 
JlocTaTOuHO pasHooOpasHbii. SroT KoMMeKc (opaMHHH*ep OIM30K K COOTBET- 
CTBYIOULeMy KOMIWIeKcy (opamuHndep TYAbCKOrO TOPH3OHTa TloqmocKkoBHoro 
OacceiHa. . ; 

Cnucoxk dbopamunndep, ONpeeeHHE'M H3 STHX H3BECTHAKOB, CJI€AyIOULHH 
(IIpHBOAHTCA B COKPallleHHOM Bue): Parastaffella ex gr. struvei (Moell.), Par. 
sublimis Schlyk., Eostaffella mediocris Viss., Eost. mediocris var. ovalis 
Viss., Eost. prisca Raus., Eost. mosquensis Viss., Eost. proikensis Raus., 
Endothyra ex gr. globulus Eichw., End. crassa Brady, End. crassa var. com- 
pressa Raus., End. omphalota var. minima Raus. et Reitl., End. similis var. 
magna Raus., End. explicata Gan., End. posneri Gan., Archaediscus krestov- 
nikovi Raus., Arch. karreri Brady, Ar. convexus Grozd. et Leb., Ar. aif. 
spirillinoides Raus., Tetrataxis media Viss., Brunsia ex gr. pulchra Mikh., 
Lituotubella glomospiroides var. magna Raus., Haplophragmella aff. fallax 


Raus. 
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4, CrpaTurpacpuvecKH BbIIe ONMCaHHOTO KOMIIeKCa H KO OCHOBAHHA CBeT~ 
JlO-CepbIX, IIPCHMYLLECTBEHHO JIOJIOMUTOBBIX, OPO BUZE saseraloT CepbIe H TeM- 
HO-cepble C KOPHUHEBATHIM OTTCEHKOM M3BECTHAKU (B BepXHeli YaCTH C NpOCcOAMH. 
CBeTIIO-CePbIX JOJIOMHTOBLIX H3BECTHAKOB H 2KEJITOBATO-CEPbIX HSBECTKOBHUCTEIX, | 
JOnOMUTOB), XapakTepusyloulnecH cbayHOH THraHTOMPOAyKTyCOB, JIHTOCTPO- 
IMOHOB, CHpHHronop u popamunndep. MoulHocTb 3TAX H3BECTHAKOB OKOJIO 25 M.-. 
B uux uafigenst Gigantoproductus striato-sulcatus (Schwetz.), Gig. irregula- | 
ris (Jan.), Dictyoclostus ex gr. semireticulatus (Mart.), Striatifera striata: | 
(Fisch.), Chonetes ex gr. papilionacea Phill. (onpeqeenns B. H... Kpecros= 
uukopa). Borataa u pasHooOpasHaa cbayHa popamuHudep ykKasbiBaeT Ha MIpu- 
HaJVI@KHOCTh BMeULaroulNX €€ TOPOL K OKCKOMY MOXbApyCy, WMCHHO K HUXKHEH | 
ero wacTH. 3yecb Bcrpevenbt Lituotubella glomospiroides Raus., Endothyra: 
pannusaeformis Schlyk., End. samarica Raus., MHOrouHCJIeHHEIe nmapawitrad- 
(penbt, Forschia mikhailovi Dain, kpymuble apxequckycbl rpymnpr Ar. moel- 
leri Raus., Samarina sp., KPHOPOCTOMBI, KJIMMaKaMMHHbI u Ap. PayHa dopamu-~ 
Hucdbep OWeHb OoraTad, UTO OCOGeHHO XapaKTePHO JIA aeKCHHCKOTO TOPUSOH- 
ra. OTIMUHTeIbHOH OCOOeHHOCTHIO 3TOrO TopH30HTa p. YcyHJM ABMAeTCA OT- 
cyTeTBue Boyopocaet Calcifolium okense Schwetz. et Bir., xapakTepHbix Wa 
6OuIbIIMHCTBa [[pyrux palionos. Bnpoyem HaMH, a TaK#Ke HEKOTOPBIMH HCCIeLO— 
BaTeiamu (°) jWwia paspe3oB ropHok Bamkupuu (pp. Beno, Cukasbl, SyutuMa) 
OTMCYCHO Pa3BUTHE STON BOMOPOCIH TOJIbKO B COAX, COOTBETCTBYIOUINX MUXaH- 
JIOBCKOMY HM BeHeBCKOMy ropu30HTam IJoymocKoBHoro OacceiiHa (B KOTOPBIX 
oHa OcOGeHHO OOuIbHa B paspese IlogmocKoBHoro GOaccelina). 

Cnucox cbopamunnep, onpelesieHHbiX H3 OMHCbIBaeMOro KOMIIeKca p. YeyH- 
JIM, TaKOB (MPHBOLANTCA B COKpalleHHOM Buse): Parastaffella struvei (Moell.), 
Par. concinna Schlyk., Par. sublimis Schlyk., Eostaffella prisca var. settella 
Gan., Eost. prisca var. ovoidea Raus., Eost. mediocris Viss., Eost. medio- 
cris var. ovalis Viss., Eost. proikensis Raus., Eost. accepta Gan., Eost. mos- 
quensis Viss., Eost. mosquensis var. sublata Gan., Eost. constricta Gan.,. 
Eost. cf. ikensis Viss., Millerella tantilla Gan., Mil. pressula Gan., Endothyra: 
globulus (Eichw.), End. antoninae Grozd. et Leb., End. ischimica Raus..,. 
End. incostans Grozd. et Leb., End. crassa Brady, End. crassa var. 
compressa Raus. et Reitl., End. samarica Raus., End. omphalota var. infre- 
quentis Schlyk., End. similis Raus. et Bel., End. similis var. magna Raus., 
End. similis var. amplis Schlyk., End. similis var. lenociniosa Schlyk., 
End. wjasmensis Gan., End. prisca Raus. et Reitl., End. devexa Raus.,. 
End. glomeralis Schlyk., End. tatianae Gan., Gribrospira sp. n., Samarina: 
minuscularia Gan., Lituotubella glomospiroides Raus., Lit. cf. glomospiroi- 
des var. magna Raus., Haplophragmella cf. fallax Raus., Hapl. cf. tetralo- 
culi Raus., Palaeotextularia consobrina Lip., Pal. bella Lip., Climacammina 
aff. prisca Lip., Cribrostomum bradyi Moell., Mikhailovella gracilis (Raus.), 
Tetrataxis aff. media Viss., Archaediscus krestovnikovi Raus., Ar. conve- 
xus Grozd. et Leb., Ar. moelleri Raus., Ar, moelleri var. gigas Raus., Ar. 
karreri Brady, Ar, embolicus Schlyk., Ar. grandiculus Schlyk., Ar. cf, 
mellitus Schlyk., Ar. magnus Schlyk., Ar. spirillinoides Raus., Proper- 
modiscus sp., Forschia mikhai ovi Dain., F. aff. prisca Mikh., Brunsia pul- 
chra Mikh. 

Busoni: 1. Jia ropxot Baumkupuu ycraxoBeHbl, Ha ocHoBe u3sy4eHus# 
(bopamunndep u oTyacTH MakpodbayHbl, aHalorM avleKCHHeKOrO Hu TYJIbCKOFO: 
ropusoxTos [loqmocKkopuoro Gaccelina, a TakxKe, 10-BHAHMOMy, CTasIMHOrOp- 
CKOrO TOpH3OHTa. 

we Ha FOx HOM Ypane ycraHoBsieH ropu30HT, OOJlalatoumii cMelmaHHEIM 
TyPHCHCKO-BH3CHCKHM KOMIWI€KCOM (popaMuHudep u oTBeYatoulM COAM Cc 
Productus sublaevis Kon. 
heh eae eee B OCHOBHOM Be€pXHAH BH3eHCKan 
eUCme Cn vee 4 PH3OHTA, paHee BbIeeHHOrO Ha Cpen- 

pane. OHa OTJIMYaeTCA OT MOJIHBIX paspe30B ropH30HTa, 


ycTaHoBenHoro H. IT. Mamaxosoit, BuOBLIM oHooOpasuem uv 6enHOCTHIO Tour- 
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nayella, a Takxe MeHbIIHM Cofep2KaHHeM Apyrux TypHelcKUX PopM H SosbILHM 
KOJHUCCTBOM BH3eHCKHX BUAOB. HwxKHAA YaCTb JYHbeBCKOrO ropusoHTa CpeL- 
Hero Ypavia, BO3MO%KHO, OTHOCHTCA K BepxXaM TYDHe. 


Vuctuty?t nedru Tloctynuo 
Akanemunw Hayk CCCP TT PXes 958 
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Wonk rzap pr 


Hayano qucKyccuu Mo Bompocy o Bo3pacTe COMKaMCKOM CBuTEI OTHOCHTCA 
x 80-M roam mpouworo crometua, Korga A. A. Kpacnononpcknit (?), B mpoTu- 
BOBeC CYI[CCTBOBABLUIHM JO 9TOTO B3risdyaM (2°, #4) o mepmMo-KapOOHOBOM BO3- 


ll — [4 6 |eaocen 
SeNewaE 


Drip 
lap 
ph 


Cmepnuma- | 


MANCHU 
== COPUSOHIT 


Puc. 1. CBoxHblt paspes comukKam- 
CKHX, a TakxKe MOACTHMAIOWHX u 
MepeCKpbIBaIOMHX MePMCKHX OTJIO- 
XKEHWH, PasBHTbIX Ha IOrO-BOCTOKe 
Tatapuu. / — anruypugn, 2 — 
runcsl, 3 — JONOMUTH, 4 — u3- 
BecTHAKH, 5 — mepremu, 6 — rin: 
Hb, 7 — mecuannku, 8 — Opekuun 

a i 


St 


Anrangemun nwayk CCCP 
1959. Tom 124g Ne 5 


WM. He TAXBHHCKUM 


K BONPOCY O BO3SPACTE COJIAKAMCKOH CBUTbI 
(I1pedcmaeaexo axademuxom J. B, Haauexuxoim 28 VI 1958) 


<paTuad TOMA apTHHCKOTO spyca, BbIKIMHH- 


rEOMOrHA 


pacre ee€, BKJIOUH  «meCuaHO-MeprebHyW. 
Touty»P, a (HbIHe COJIMKaMCKas CBHTAa) B CO-| 
CTaB Me€pMCKOM CHCTeEMBI. 
VccsieqopaTeu, 3aHMMaBIUHeCA M3yYeCHHeM 
KYHTYPCKHX OTJIOMKeCHHH B MoceLyIOuleM, MpH-| 
COCIHHAIMCb TO K He€pBOHadasIbHOH TOUKe 3pe-| 
Hua (°,°,1), To} K TouKe 3peHua KpacHonosmb-| 
cxoro (°,4,”). Ho uw 40 cHx Nop HH TOT, HH Apy- 
rou B3riag He NowyynIH BceoOulero MpH3Ha- 
Hua (°). 
Ilo cyujecTBy, MpeqMeToM WuCKyCCHN ABIAeT- 
CH BOMpoc O COOTHOLWICHHH COJIMKAaMCKUX OOpa- 
30BaHHH C MOACTHIAIOULMMH: JIOxwKAaTCA JIM CONM- 
KaMCKHe OOpa30BaHHA C pa3MbIBOM HJIH Ke B 
IIpHrpaHHuHOH 30He TeX HM Apyrux MpoucxoLUT 
cballvayibHoe mepenerenue. 
AsTopy HacTosleH cTaTbu B mocmeqHHe Fo-. 
Wbl JOBeOCb MPHHATb yuacTHe B OOpa6oTKe | 
HOBeHWIHX MaTepHasIOB CTpyKTypHOro OypeHna, | 
MOJIYYCHHBIX JIA BOcTOKa TaTapuu, rye HuxKHe- 
TICPMCKHE OTJIOXKCHHA HW 3HAYHTEbHbIC MO MOII- | 
HOCTH [epeKPbIBalOUlHe HX CJIOH BepxXHenepM- 
CKUX OOpasoBaHHit MPOXOAMHCb CKBaxKHHAMH | 
C NOJIHbIM OTOOPOM KepHa. 
PesyIbTaTbl STOH OOpa6oTKH MO3BON1AI0T | 
TIPHHTH K BbIBOAY O HEOOXOMMMOCTH OTHECTH CO- 
JIMKaMCKyl0O CBHTY K BepXHeMy OTJey mepM- 
CKOH CHCTeMBI. 
B xKayectpe OfHOTO M3 OKa3aTebCTB MO- | 


KT OBITh paccMoTpeH MIpHMep, Kacatoutniica | 
TeppuTopHu Kpalnero toro-BocTtoKa Tatapuu. 


PasMbITy!0 MOBEPXHOCTb KapOOHAaTHHIX MOpoy | 
CTepJIHTaMaKCKOrO TOPH3OHTa Ha BocTOKe TaTa- | 


PpuH MepeKpPbiBaeT TIMHMCTO-]OJ OMHTOBO-CYJIb- 


Balolwlasicad BCeICTBMe TpaHcrpeccuBHOro HasleranHa K sanany. Benue (puc. 1) 
ganeraeT TIMHMCTO-Cyb(aTHO-NOMOMUTOBAA TOMA HIMMMOBCKOrO ropH- 
3OHTa, MOWHOCTEIO OKONO 40 M. Haq nel HaxoguTeca ramorenHaa Toma KyH- 
rypcKoro Apyca, MOUHOCTbIO B HE€CKOMbKO JECATKOB MeTPoB, B KOTOpPOH 
yAaeTCH BbICIMTb CeMb YepeyIOUHXCA CybibaTHbIX HM TIMHHCTO-JOsIOMH- 
TOBLIX mayeK. [locmeqHHe yCNOBHO CHHXPOHM3HpyloTcA Cc cemBIO nayKkamMu 
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TaJlOreHHOH TOJIMLM KYHTypcKoro spyca Tlepmexoro IIpuxamea. IlopepxHoctn 
KYHIyPCKOW TaslOreHHOH TOM TO BCeMy BocToky Tatapuu pasmpira. Mecramu 
OHA, B YacCTHOCTH Ha KpalineM toro-BoctoKe Tatapun, TJlallleo6pa3sHo mepeKpbita 
MOLLHOH (40 20 M u Oonee) Tonmel; SJOBO-JCJIOBUaJIbHBIX OpeKuHH, COCTOAILHX 
M3 KPYNHbIX OOJIOMKOB KYHTYPCKHX THNCOB H omoMuToB. Ha pasMBITyro MOBepx- 
HOCTb KYHIYPCKUX OTJIOKeHHM (a TaM, Te OHa eCTb, Ha MOBEPXHOCTb 6pex- 
4YHEBOH TOJILIH) TPaHCrPeCCHBHO, C YIVIOBbIM HeCOrvIacHeM HasleraioT OOpa3oBa- 
HHA COJIMKAMCKOH CBHTHI. ; 

Ha kpalinem toro-Boctoxe Tatapuu (puc. 2) comukamMcKHe oT0xKeHHA, BEI 
KJIHHUBaACh K 3allaly, MPHCOHAIOTCA K HEPOBHOCTAM pesheda Tom 3J110B0- 
AeNIOBUaJIbHBIX Opekuuk. B KpoBse ux 3yecb oTmeuaetca He3HaUHMTCJIbHBIM pas- 
MBIB, CCBEPHee OOBINHO HE HaOsOLaeMbBIit. HaoGopor, B omee C€BEPHBIX palionax 
‘B WacCTHOCTH Ha CeBepo-BocToKe TaTapun, umMeeT MecTo datinasbHoe ilepenwiere- 
HH€ Nopok COMMKaMcKOrO Hw ycuMcKOro THMOB. 


eel 
by2yNoMuncKan , fee 
Ae ae Cynunckhas nnowmads 
N 286 N2I6 Ck CHE Ch8 kb 


N22) NZ5I N215 NZ05 


NKepu oaomeymembyem 


faible 80. 


lopusonmanonos © 9 6 3» y 


LAr XS (Co (Nie Be 726 MT? 6, 


Puc. 2. Peomormueckni npotuab oT ckB. Ne 205 Cyaunckol mnaomlaqu fo cKB. 

Ne 284 Byryabmuuckoli Nowaqu. 1 — cTepauTamakcKue oTIOKeHHA, 2 — apTHH- 

CKHe OTJOKeHHA, 3 — CPUNMNMOBCKHE OTIOKeHUA, 4 — kyHrypckaad FasoreHHas 

Tosa, 5 — SJIOBO-JeIOBHaIbHbIe OpekuHH, 6 — COJHKaMCKHe OTJIOKEeHHA, 
7 — HHKHeyPUMcKHe OTMOMKeHHA, 8 — BepXHeyPHMCKHE OTJORKeHHA 


GepmukasbHoll 


B pa3pe3ax COJIMKaMCKOH CBUTbI Ha KpalineM 1oro-BocToKe TaTapHu HOBOJIb- 
HO YeTKO BbIJeIAIOTCA TDW NadKW: HHKHAA — KaK MpaBHJIO, TIMHHCTO-JOJIOMH- 
TOBaA, MOMLHOCTbIO OKONIO 5 M; cpeqHAA — OObIMHO KapOOHaTHO-IVIMHHCTO-He- 
cuaHnukoBaa, 8 — 10 m; BepxHAA — TIMHMCTO-H3BeCTHAKOBaA, 5—8 mM. K 
galafly KOJMUeCTBO O6OMOUHOTO MaTepHadia B HHX yBeMUMBaeTca. AHaso- 
PHUHbIM OOPas0M MOKHO PaCUICHHTb H [Pye pa3pesbi CBUTHI, MPOlJeHHbIe 
Ha Kpaiinem BocToKe TatTapuu. OyHako K 3allafly B CBA3H C TpaHCrpeCCHBHbIM 
HaJlefaHHeM COJIMKAMCKHX OOpas0BaHHH Ha MOCTHAIOWHe OTMOKeHHA CTpa- 
THrpapnyeckand MOMHOTAa NepBbix (3a CYeT HHXKHUX MayeK) yMeHbILUAeTCS. 

ConocraBsleHHe paspe30B COJIMKaMCKOH CBHTbI BOcTOKa TaTapun c paspe- 
3aMu, usyyeHHbIMu H. H. Mopuiem (5) B IleutpasbHoli Balukupun, NOSBOMACT 
MpeqnouaraTh CHHXPOHHUHOCTh HHKHEH, CpeHeH WH BepXHeH NavyeK STOW CBH- 
TbI BOCTOKa TaTapHu, COOTBETCTBEHHO MepBOK, BTOPOH H TpeTbeH NaykaM CTpa- 
TurpaduyeckoH cxembl Popa. 

Pa3MbIB B NOJOUIBe COMMKAMCKOM CBHTEI Ha BOCTOKe TaTapuu He OrpaHHyH- 
Bae€TCA BeEPXHHMH CJIOAMH TasOreHHOK TOM KYHIypCKOrO apyca. Bpisacuset- 
CH, TO COMMKAMCKHe OOpas0BaHuA NO HaMpaBJeHHIO Ha 3allayl NO*KAaTCA 31eCb 
Ha Pa3MbITY}O MOBepXHOCTh Bce Oosee H Gonee J peBHHX Mayek BHaYae KyHTyp- 
CKOl rayloreHHoH TONUIM, 3aTeM CPUJIHMMOBCKOFO TOPH3OHTA H, HaKOHEL, Ha pas- 
MBITyIO, a M€CTaMH 3aKapCTOBaHHY!0, MOBEPXHOCTb CTePpsMTaMAKCKOrO TopH- 


30HTA. 
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TIpupeyeHuble BbILe (bakTbI O PasMbIBe H YIVIOBOM HeCOracHH B MOAOLIBE 
COMKAMCKOM CBUTbI Ha BocTOKe TaTapuu, a Take JaHHbie 06 OTCYTCTBHH 
perHOHa/IbHOrO MepepblBa B ee KPOBIe HO HaIMYHH 3feCb (allMabHOrO mMepe- 
(ICTCHHA TOPOR COMMKAMCKOPO HM YPUMCKOPO THNOB 3aCTaBJIAIOT MpHCOCAMHHTLCA 
K MH@HHIO O BePXHeMepMCKOM BO3pacTe pacCMaTpHBaeMOH CBHTHI. Bmecte Cc 
TeM, HapacTaeT yBepeHHOCTb B HeOOxOAuMOCTH OObeAHHEHHA COMMKAMCKON 
WM yuMCKOH CBHT B cocTaBe OJHOrO Apyca. 


TlocrynH10 
25. VI 1958 
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Se 


Horxscans Akanemun Hayrk CCCP 
1959. Tom 124, M5 


TEOJIOFPHA 


ll. B. SEAOPOB 


‘O KOJIEBAHHAX YPOBHA YEPHOFO MOPS 
B NOCJIEJIEMHHKOBOE BPEMA 


‘([Ipedcmaeneno axademuxom H. C, Ilamexum 30 IX 1958) 


‘KoneOanua yposus Uepxoro mops B MocueneqHHKOBOe BpeMa ObWIM CHH- 
‘XPOHHbI HW OMHOSHAUHbI KOMeOaHHAM ypoBHaA Muposoro oxKeana. 

TpaHcrpeccuByax (pasa, OTBeuUalOIad BbICOKOMY CTOAHMIO YPOBHA OKeaHa 
B cyOOopeambHoe (KCepoTepMHuecKoe) BpeMA HM uMeHyemas B CpeqH3eMHOM 
Mope — HHINKOH, Ha Oeperax Sanaquow Esponpt — ibaangpcKoli, B Bavutuii- 
<KOM MOpe — JIMTOPHHOBO, Ha Oeperax UepHoro mMopa oTmMeyamacb JIHUIb 
HeEMHOrMMH uccieqoBaTeiamMu (7,3). 

OOppiBKH HH3KOM MOpCKOM Teppacbl HW CKOMJIeCHHA pakylM BbIUe MisxKa 
OOBIYHO PpacCMaTPHBaJIHCb KaK YHCTO COBPeMeHHbIe OOpasopanns (?). 

CneltuabHoe H3yyeHHe MOpcKHX Teppac UepHoro mops, mpoBoyuBureeca 
HaMH B 1955 r., JaJIO BO3MOXKHOCTh BbIJeCIHTb H CaMy!O MOJIOLyIO Teppacy BbICO- 
Toh 3—5 M, OTJO#KeHHA KOTOPOH cosepxKaT PayHy MOMOCKOB Oosee COuO- 
HOJIOOMBBIX, YM COBpeMeHHas (bayHa 9TOrO Mopa (*). Momoyqaa Teppaca, Ha- 
3BaHHaA HOBOYCPHOMOPCKOH, PaCCMaTPHBaaCb Kak CJIENbI WabHelitero (MaK- 
CHM@JIbHOrO) pa3BHTHA peBHeYepHOMOpCKOH TpaHcrpeccuu UepuHoro mops, 
CMeCHHBINeH perpeCCHIO HOBOIBKCHHCKOrO BpeMeHH(’). 

OcraTKH dyHaMeHTOB 3aHHl uv CTeH ApeBHerpeyeckux KONOHHH OvibBun, 
Xepconeca, Ilautukanea, Danaropuu, J\nockypuu u Ap., pacnomoxenHbie 
Ha 1 — 2 M HMxKe COBPeMeHHOFO YPOBHA MOPS, MO3BOMHIH TOBOPHTb O (pase 
perpeccuu B 2MOXxy CYyIeCTBOBaHHA STHX NOCeIeHHH, HMCHOBaB ee (paHaropul- 
CKOH. 

Ha6monenua, mpoposupiuimeca wamMa B 1957 nu 1958 rr. coBMecTHO c 
A. P. Tenruepom na Tamauckom, Kepyenckom noulyocrpoBax 4 KaBKa3cKom No- 
Oepexbe UepHoro Mops, AONOMHHIH MpexKHNe MaTepHadbI: OHH MO3BOMAIOT 
YTOUHHTh HallM MpescTaBeHHA O MOCMeAHUX CTpanHnllax PeoOrMyecKOl HCTOPHH 
‘UepHoro Mops. 

Hu3kaa MopcKasa Teppaca HaOmOfaeTCA BOCTOUHEe Oneccbi (y yctba Bepe- 
3aHCKOrO JuMaHa), Ha 1oxKHOM Gepery Kppima soctounee Aio-JJara (Ilapreuut, 
Kyuyx-Y3enb, Tyax, WaOan-Kane ut. 4.). Teppaca cmomena mecKom ¢ paky- 
met wu raneunukom. Buicora Teppacbl (Kak H COBPeMeCHHOFO MIKA) 3aBHCHT 
OT BBICOTH! MpHOox B WaHHOM yyacTKe Oepera. Ha Geperax, re CoBpeMeHHbIH 
UITOPMOBOH Bas OCTHTaeT BbICOTHI 2 — 2,5 M, Teppaca uMeerT BBICOTy oO 5 M. 
Ha yuacrxax Gepera, OOKMPOBaHHbIX MbICAMH HJIH Oapamu, ee BbICOTa He Ipe- 
pbiliaer 3 M. OueHb xOpOlIO BbIpPaxKeHa 9Ta Teppaca Ha ceBepHoM (A30BcKoM) 
6epery KepyencKoro mouyocTpoBa, BOCTOUHEee MbICa Kasautun, y cea. [lecou- 
Horo. 3ecb OHa C/IO2%KEeHA COHCTHIMH H_KOCOCJIONCTBIMH n1pHO pexKHEIMH mleCKaMH 
HM pakylleH BHHMOH MOLLHOCTbIO 4—5m.B CaMBIX BEPXaxX Pa3BHTbl MOPCKHe 
-CJIOUCTbIC XKeJITHIE MeCKH C PaKOBHHaMH Cardium edule L., Venus gallina L. 
u —p., MomHoctbio 0,6 — 0,8 M. 

Hwxe gameraiot TeMHO-Oypble TIMHHCTHIC NeCKH C 2—3 IIpOCJIOAMH KOMKO- 
comepsautux Helix. OOulad MOULHOCTh STHX Ha3@MHBIX 
0,5 m. Tloq HuMM exKaT C/IOHCTHIC H KOCOCIOMCTHIC *KeNTHIE 
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BaTbIX CYIJIMHKOB, 
o6pa30BaHHH OKOJIO 


MOPCKKe [eCKH C OOMbHOH ayHoH Cardium edule L., Venus gallina L., My- 
tilis galloprovincialis Lam. u peakumu Nassa. K HH3aM OHH eo 
rpyG6ee, oOoraujaach rpaBuem. Kpopsiad 9THX MeCKOB HMCeT BbICOTY OKOJIO 4 M Hal | 
yPOBHEM MOPS, a MX BHAMMas MOWHOCTh MocTuraet 3 M. 

Vis npupenennoro paspesa culefyer, YTO B HaKOMJeHHH HOBOYCPHOMOPCKUX 
OTOXKEHUH Obl MepepbIB (TEMHO-Oypble TIMHUCTHIe OCATKH C Helix), mocs1e KO- | 
TOpOro MMesIO MeCTO MocueLyIoMlee KPATKOBPeMCHHOE MOBHIMeHHe YPOBHA MOPA. 

Ha xKaBKa3cKoM noOepexbe HOBOYepHOMOpCKadA Teppaca Pa3BHTa IIOBCE- | 
MecTHo. Qua ugBecTHa Mexyly Ananol u Hopopoccuiickom, rae OOblidyHO ABIAeT- 
ca aOpasHonHoli. OcoOeHHo WINpOKO Teppaca pa3sBuTa IOrO-BOCTONHEE XOCTHI,. 
IIPHMbIKad 3eCb K KpyTOMy aOpa3sHOHHOMy ycTylly, BbIpaOOTaHHOMY B KapaH- 
raTcKoii Teppace. B npvycTbeBbIX yu¥acTKaX HOBOWPHOMOPCKaa Teppaca MCpe- | 
xomuT B l-lo peyHyio Teppacyy Bcex pek Sanayquoro KapKasa. Teppaca clomeHa 


“ HobovepHomopekas 
or MIAHCEpeccuA 
aL Hum@peuckas 
mpancepeccua 
Cobpem. ypobenb 
0 


O meinem. 


7h 
1 (1958) 


27 [Apebne- _ —— @anaenputichar 
gv LT peepeccua 


Puc. 1. CxemaTuuecKkad KpHBad KkoeOaHHH ypopua UepHoro 
Mops B MOCJIeeMHHKOBOe BpeMA 


TauIbKOH, MeCKOM C peqKoH pakywieH — Pecten, Ostrea; cBepxy OObINHO PpasBHTbr 
JICJHOBNAJIbHO-IIPOJIOBUAJIbHBIe CYIVIMHKH Wvielia KOHYCOB BbIHOCa. Bpicorai 
Teppacbl Ha Kapkase 4,5—5 M. BecbMa CyleCTBeHHO, YTO HOBOYCPHOMOPCKan 
Teppaca mexyy Ananot u Hosopoccniickom (Mpicxako, Osepelka, YTpuul 
HW Up.) cpesaeT JUCIOMWMpOBAaHHble NwiacTbl :inWla Ha BbIcoTe 5 M, a ee raseuHH- 
KOBbIe OTJIOKCHHA COsepxKaT dayHy Pecten u Ostrea. Sto copepwieHHO onpe- 
JIeICHHO YKa3biBaeT Ha TO, YTO OOpas0BaHHe Teppachl, YYHTLIBAA BbICOTY BCMVIeCKa: 
BOJIH IPH WTOPMax, NPOMCXOAHJIO NPH YPOBHE MOPS, MpeBbIlWaBLIeM COBpeMeH- 
HbIM Ha 2—2,5 M. 

HopoyepHomopckand TpaHcrpeccuaA, Kak 93TO yxe OTMe¥aOcb Hamu ('), 
CMeHHaCb daHaropHlickol perpeccneli, MpH KOTOPOli yPpOBeHb MOPH CTO 
Ha 2—3 M HH2Ke COBPeMeHHOTO. 

JlanbHehuime COObITHA MOXKHO YCTaHOBUTb H3 paCCMOTpeHHA OOHaxKeHUA 
Ha BocTouHOM Gepery Kepyexnckoro nomyocrposa B | kM toxHee cen. Tepoes- 
ckoro (OvibTHreH). Sfecb B paspese WMpOKOH TeppacbI BbIcoTOH 1,5—2 m, 
3aHATON 1OxKHOM YacTbIO cen. PepoeBcKoro, B OCHOBaHHH OOHAKAaIOTCA XKEJITO- 
cepbie HeCJIOHCTbIe CyIIMHKH C PpaKOBHHaMH Ha3eMHbIX MOvIOCKOB Helix, 
yepelkaMH rIMHAHOH NocysbI (amdopel, mudbochi u T.4.). MecramMu BHXHbI OCTaTKH 
(yHTaMeHTOB 3)\aHuii HW CTCH, PasMbIBaeMbIe B HACTOALLee BPeEMA MOpeM. YKa3aH- 
HbI€ OCTATKH HaOJIOMaloTcA HM B 30He MpHOOA, Pe pasMbiBalOTCA CYTVIMHKH. 
STH KYJIbTYPHbIe COM AHTHUHOTO BPeMeHH, NPHHaNexaulMe ApeBHerpeyeckoli 
kouoHHH Bocnopcxoro wapcrna — Humopew (V B. 20 H. 9. — MepBbie Beka H. 9.), 
OTHOCATCH K S1IOxe PaHaropulicKol perpeccun. CBepxy OHH MepeK PITH CIONCTLIMH 
*KITHIMH Neckamu c Cardium edule L. monyHocrnio po 0,3 m. Ilecxu atu, mepe- 
KPBIBaIONIHe KYJIbTYPHbIe COM Ha BbICOTe 2 M Haj COBPEMCHHbIM yPOBHEM MODS, 
OTBeNalOT HeaBHeH HeCOOMbWIOH Tpancrpeccuu UepHoro mops, nponsomenweli 
nocue dakaropulickol perpeccun. AnaorMunad KapTuHa HaGslolaercs B IOFO- 
BOCTOUHOU YacTH KapKkascKoro nobepexba y UakBbl, re K PavleUHHKOBBIM OT- 
J102%KCHHAM HOBOYCPHOMOPCKOM Teppacbl IPHCJIOHEHbI CYIMHKH C paCTHTCIbHbIMH 
OcTaTKaMH, IM€PeCKPbITbIe B CBOIO OYepefb MeCUaHO-raJleUHHKOBbIMH OCa{KaMy 


Gonee Mononoh (HusKoii) Teppacsi. TlocueqHuM oTBevaloT, BeposATHO, MecKH 
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—¢ Cardium edule L., noxppipatoujue znuma BurasescKoro 1 Ku3nJITalicKoro: 
| JIMMaHOB. 
Takum 06pa30M, B KOHIle HOBOSBKCHHCKOrO Bpe€MeHH ypoBeHb Uepxoro Mo- 
pH Hava NoBEuaTEca. B nepBbii stan sto mocmeneqHUKOBOLi TpaHcrpeccuH' 
_-H OcomOHeHUA Mops, HasBaHHbli A. JI. Apxanrenpcxum u H. M. Crpaxopbim 
_ (*) ApepyeyepHomopcKum, Uepxoe MOpe IipeAcTaBsAIO COOOK BOOM, yPOBeHE: 
KOTOPOrO CTOJI HHKEe COBPeMeHHOrO. Oxo Oplio 3aceeHoO peMKTaMM Kacnuii- 
CKOH (bay Hel H BBITCCHAIOULHMH €€ NPeCTaBUTeIAMH CpeH3eMHOMOPCKON (bayHbl. 
Hasbuelinee pasBuTHe Tpancrpeccuu MpHBenoO K MOBBIINeRHIO YpOBHA MOpsA 
Ha 2—2,5 M BDIII€ COBPeMeHHOFO H K MIpeBpallleHHiO eTO B BOJOEM, B KOTOPOM' 
oOuTasa (ayHa HeCKONbKO GOomee comOHOBO_Haa, eM (bayHa COBpeMeHHOTO: 
UNepxoro mops. Ora TpancrpeccuBnaa (basa B MCTOpHM MOpA ObIa BbIeENeHA: 
HaMM 0) Ha3BaHH€M HOBOYepHOoMopcKon (*). HopouepHomopcKan Teppaca 
OTBeUaeT HHUWKOH Teppace CpezusemuHoro Mops u cbaHApcKoli Teppace 3anayHoli 
Esponsi. Bepostuo, oHa CHHXPOHHAa TakxKe JIHTOPHHOBOM Teppace BanTuiickoro: 
Mops. 
HospoyepHomopckas (HHWWKad) TpaHcrpeccna CBA3aHa C MOBBILIeCHHeM ypoB- 
HA MHMPOBOTO OkeaHa B Pe3yJIbTaTe TaAHHA JICEMHHKOB B CyOOopeasbHOe BPeMs. 
Ilocaenyroulaa, cbaHaropulickan, perpeccua cMeHMulacb, Kak TO culeqyer 
H3 BbIMJeH3JIORKeHHOTO, HOBOM TpaHcrpeccueli, BepOATHO BeCbMa KPpaTKOBpe- 
M€HHOH, yPOBeHb KOTOPOH Obl NpHONsuTeMbHO Ha | M BBIIMe COBpeMeHHOrO: 
ypopua UepHoro mops. Ory Han6omee 1onylo TpaHcrpeccuio Uepnoro mops, 
Ne€PeKPbIBLIy1O OCTaTKH TropoxHua Humden, MbI npeswaraeM HMeHOBaTb HUMeli- 
CKOH. 
Xo KoneOanuh ypopua UepHoro mops 3a paccMaTpHBaeMbli, OTpesoK Bpe- 
MCHH MOKHO HWJVJIIOCTpHpOBaTb Mpusaraemol cxemon (puc. 1). 


TeosormueckKHi MHCTHTYT Tlocrynuso 
Akazemuu Hayk CCCP 24 IX 1958 


UWHTHPOBAHHAA JIMTEPATYPA 
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AH CCCP, reon cep., sp. 64 (1948). *% E. B. Ilanmep, Tp. cop. cexy. Acc. u3yy. 4erBepr- 
THUH. MepHofa Esponp, 4 (1939). ‘*T1. B. Benopos, JAH, 110, N 5 (1956). 


1129 


Jloxaxagp Akayemnuu Hayk CcCcCP 
1959. Tom 124, Ni 5 


OKEAHOJIOLHA 


H. B. NMAPHH 


‘O CXOJCTBE B FEOFPA®HYECKOM PACNPOCTPAHEHHH 
CAPJIMH HW CYBTPOMMYECKHX JIETYUHX PbiIb 


(IIpedcmaeaeno axademuxom H. H. Ilmaaveaysenom 20 X 1958) 


Ilpu usyyesun reorpanueckoro pacnpocrpaHenua seTy4Hx pbiO (cem. Exo- 
‘coetidae) MbI OOpaTHIM BHUMAHHE Ha OOIbIOe CXOJCTBO B apealax JleTy4eH pbIObI 
‘Cypselurus pinnatibarbatus u cy6rponuueckux capauH (Sardina pilchardus, © 
Sardinops sagax). Bce atu pplObl, Oyqy4un MelarHyecKHMH, OTHOCATCA, OAHAKO, © 
K HepHTHYeCKOH (bayHe HM BCTpeyaioTCA OObIYHO B MpHOpexHbIX BOsax. | 

Apeabl pasiMuHbIx (opM capAMH MpuBeseHs! Ha puc. | (no A. H. Cpero- 
Bugosy (1)). B cesepHoi nomoBuHe AtsaHTHYeCKOro OKeaHa, y Oeperos 3alaqHon 
Esponbt oOutaer Sardina pilchardus pilchardus, a B Bowax ceBepo-3analHOn 


Puc. |. Pacnpoctpanenne noxBuxos capaun Sardino i i : 
( ps Sagax u Sardina pilchardus: / — S. sagax 
-Sagax, 2—S, sagax -neopilchardus, 3 —S. sagax ocellata, 4 — eas caerulea, 5 it 
Sagax melanosticta, 6 —S. pilchardus pilchardus, 7 — S. pilchardus sardina 


Adpukn, B Cpey\u3eMHoM u uspenka B UepHom mopsx BeTpeyaetcs OnusKuil NOL 
Buy S. pilchardus sardina. B tomuolt uacty Ataautuyeckoro, B Mxgzniicxom 
u Tuxom okeanax cyOrponmueckue capqMHbI mpeycraBreHn Pa3JIH4YHbIMH MOL- 
BuaMu Sardinops sagax (S. sagax ocellata — Oepera 1oxKHO Adpuxy, S. sa- 
gax neopilchardus — poypr 10oxKHO! Axsctpainu u Hosoi 3enanqun St sagax 
Shes — THXOOKeaHCKOe NoGepexbe IOxHo Amepuxu, S. sagax melanosticta — 
| €pera toro-Boctounolt Asuu, S. sagax caerulea — TuxooKeaHcKoe nobepexbe 
CeBepHoii Amepuxu). Takum o6pasom, pacnpeqelenue cyOTponmyueckux dopM 
‘CapHUH AaeT xopoutve mpumeppt Gunonapuoro (4) u, B Tuxom okKeaHe, amcpuma- 


oe (*) pacnpocrpanenna. Kak ykaspipaetT A. H. Cperopunos (4), 
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«cyOTponmyueckue capyHHEr NPOH3OUIM OT OM3KOrO TponHuecKoro poga Sardi- 
nella, npuuem pox Sardina copMupoBaica B CeBepHoM, a pox Sardinops — 
B 1OX%KHOM NO yWapHu UW JIMUIb BHOcMeRcTBUH MHIPpHpOBal B CeBepHbIe CyOTpo- 
tuku Tuxoro oxeana. 

Kak u3BeCTHO, MeTyUHe pbIOBI MIMPOKO pacipocTpaHeHb! B TEMVJIbIX BOWaXx 
BCeX OKeaHOB. OHH ocobeHHO OObABI npH Temlepatype 23—29° y cayxKarT TH- 
TIMYHBIMH MPeCACTaBHT@IAMM UXTHOPayHbI TpommyecKux MopeH. OjHako, Kak 
‘oTMeyeHo Bpyxom (°), rpynna Buon, oOuratomas 6113 IOXKHOM H CeBepHOH rpa- 
HUI, apeaia STOO CemelicTBa, IpHCMocoOuacb K 3HAYHTeABHO Oonee yMepeHHbIM 
TeMMepaTypaM, ABIAACh XapakTepHOlh AA cyOrponuuecknx Boy. K Takum 
BuflaM OTHOCHTCA u Cypselurus pinnatibarbatus. 


Puc. 2. Pacnpoctpanenue nogsugos Cypselurus pinnatibarbatus: /—C. pinnatibarbatus 

pinnatibarbatus, 2 — C. pinnatibarbatus altipennis, 3 —C. pinnatibarbatus melanocercus, 

4 — C. pinnatibarbatus japonicus, 5 — C. pinnatibarbatus californicus, 6 —C. pinnatibar- 
batus subsp.; a—cpegqnaa seTHaa H30Tepma 15°, 6 — cpeqHad 3HMHAA H30TepMa 25° 


Ora seTyuand pbiOa, Kak WM CapAHHbl, NpeAcTaBeHa B pas/IMUHbIX palonax 
MHPOBOFO OKeaHa pAXOM OH3KUX CPOPM, 3HAYHTeIbHaA YaCTh KOTOPbIX paccmar- 
puBaerea MHoruMH aBTopamn (°,’,°,!°) B KaYeCTBe CaMOCTOATEIbHBIX BHOB. 
H3yyenne gocTtymHoro HaM MaTepHasia {cOopbl 9kCNequlMOHHOrO cyqHa Uu- 
‘CTHTYTa OKeaHosloruH AH CCCP «Butsasb» u3 Bod Anonuu u Hosok Senangun, 
MYS3CHHBIC 9K3eMIVIAPbI KOJMeKWMH Soomornyeckoro uneTuTyta AH CCCP), 
‘a TaKxKe JINTepaTypHbIX AaHHbIx (1, *, °~*, ”) moKasbiBaeT, YTO pasJIMYHA MEK 
CYIULCCTBYIOULHMH (OpMaMH HMEIOT CKOpee MOARHLOBOe 3HayeHHe. 

Jlanupre mo pacnpocrpaHeHuio pa3IMUHbIX NoxBuAoB C. pinnatibarbatus 
TIpHBeseHbI Ha puc. 2, Ha KOTOPOM OOO3HaYeHb! TaKxKe MOBEPXHOCTHBIe H3OTep- 
mpl 15° yaa HanOonee Temoro wu 25° WIA HanOomee XOOHOTO Mecalla (2): 
B sogax AtmanTuueckoro oKeaHa, IpHJieraroulux K Oeperam 1oro-3allaHolt Espo- 
mbl M ceBpepHol Adpuku, pacipocTpaHeH MOABUy G pinnatibarbatus pinnati- 
barbatus (Bennett); BepoaTHo, 9Ta xe dopma o6uTaer HW B 1oxKHOH ATaaHTuKe 
(mpHOpexuble BOA lowKHOK Bpaswiun, o-Ba CB. Eneubi 4 Bosueceuus). STOT 
NOJBH OTMeyeH pu Temnepatype 16,5—23° (°). Hpyro# nogsug, C. pinnati- 
barbatus altipennis (Cuv. Val), omMcaHHbIM 43 Bod Muaulicxoro oKeaHa 6¢€3 
TouHOrO yKasaHua Mecra(*), HalileH y MbICa Tob port Hanerxkapt (°) w B BO,ax 
o-B0B Cen-Ilomb u Amcrepsam (pu Temnepatype 16,6 ) (*). Cyaa no omucannw, 
3TOT 2Ke NOABU ONuCaH m0 uMeHeM Ex. solandri ( ), XOTA Me€CTO NOHMKH THNO- 
BOrO 3K3eMIIIApa — CelilleIbCKHe OCTpOBa — BbISbIBaCT COMHCHHA. Toxpuy 
C. pinnatibarbatus melanocercus (Ogilby) HacenseT BoxpI Axsctpasuu u Hosoit 
3enanyun (7). Heckombko pbl0, OTHOCAILAXCH K STOMY MOABHTY, OblIO O6bITO 
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oO 
excnequnmel Ha «BuTase» K ceBepy oT NpomuBa KyxKa ea Temnepatype 18,5”. 
Y 6eperos Unan u Ilepy petpeyaetca eile o1Ha cbopa (°,7”), NokKa elle He HMe- 
jolla MOJBHOBOTO Ha3BaHHA, HO XOPOWO OT/HYAIOMAACA OT CEBEPO-AMEPHKAan- 
cxoro C. pinnatibarbatus californicus (Cooper) (mo6epexbe Kanucopunn) (°)s 
Haxoneu, B cyOTponmueckux Bozax Snonun (OT Krocio no Xoxkaiin0) u Kutas 
o6utaer C. pinnatibarbatus japonicus (Franz), OBKBUIMHCA HAMM BOCTOUHEE 
u yoro-BocTrounee Xoucio mpu Temnepatype 19,1—25,5°. Y toxkubIx Oeperow 
AnoHMH STOT BU Maxke Cy2%KUT OObeKTOM Mpombicia (’). | 

Kak u cyOrpommueckue capfHHbl, C. pinnatibarbatus HeCOMHeHHO HMeeT 
Tpomuyeckoe mponcxoxeHue (Gomee 90% BuyoB pona Cypselurus oOuTaioT B 
TPONWYECKUX BOax), HO OOccoOuICA OT ON3KUX POPM HACTOJbKO, YTO BUOMHE 
OOCCHOBaHHO BbIemAeTCA B OCOObI nozpox Cheilopogon (*). Tpyaxo yKasatb, 
re BOSHUK STOT BH, XOTA BMOb3y IO*KHOPFO MPOUCXORLeHUA POBOPHT, NOwaJyH,. 
TO, TO B 1Ox%KHOM Momymapnu C. pinnatibarbatus BceTpeyaeTca MpakTHyecKh 
BO BCeX palioHax C MOXXOJAUIMMH yCJIOBHAMM Cpe[bl, TOra Kak B C€BePpHOM 
NOJyWapHU OH OTCYTCTBYeT B aTNaHTMUeCKHX Bowax CesepHolt AmepuKu (kak | 
HM Cap/MHbl) HW B Cpeqv3emMHOM Mmope. 

Paz06meHHble apeatbi nmogeugos C. pinnatibarbatus xapakTepusyioTcas, 
MOMOGHO apeasiam cyOTponuueckux CapfuH, OnNONApHOCTbHO, a B THxXoM OKeaHe 
uM ampunauuwynocrb. Sta seryyand pblOa ABIAeETCA, OHAKO, OOuTATEeeN 
HECKOJIbKO Ooee HarpeTbIX BOL, HU apeaJIbl CC NOLBHOB COBNaaioT, CCOOeCHHO 
B C€BEPHOM Nosywapnu, C HanGosee TENJOBOLHbIMH YACTAMH apeaJIOB Cap HHI. 
Kak BuyHO u3 paccmoTpeHuA puc. 2, OOsacTH pacMpocTpaHeHHA pasJIMUHbIX 
noypuyos C. pinnatibarbatus xopowo ykKJafbIBaloTCA B Tpeyeltax pahOuos,. 
OrpaHHUeHHbIX MOBEPXHOCTHbIMH usoTepMamu 15° ya meTa Hw 25° WIS! 3HMbBI. | 
HanGouee 61u3KO CpeqHHe 3HMHHE M3OTEPMbI.25° 1OXKHOLO MH CeBEPHOTO NOMyWMa- — 
pul cxoyatca y Geperos 3sanaquon Adpuknu, YTO, NO-BHAMMOMY, JONYCKaeT CBA3B 
B He€KOTOPbI€ N€pHOAb! OMHOTHMHIX BOX uv OObACHAeT HasHUNe B ATJaHTHUe- 
CKOM OKeaHe JIMUIb OAHOrO NOXBHa. 

TakuM OOpa30M, B pacipocTpaHeHHuH MOABHAOB CapHH MW sleTy¥eH pbiObr 
C. pinnatibarbatus Ha6m1ofaeTca JOBOUbHO OIM3KOe COBMaseHue, 4YTO, MO Ha- 
IU€My MH€HHIO, FOBOPHT O CXOJHbIX NMYTAX PaCCeJICHHA STHX BeCbMa lasleKHX 
B CHCTCMaTHUeCCKOM OTHOWCHHH pblIO. Bo3MoxHO, YTO TaKOH THM pacmpoctTpa- 
H€HHA WMeeT MECTO H JWI APyrHx BuZOB. B STOM OTHOLICHHH HHTePecHO, ITO 
Hapay C OOMENpHHATHIM MpeACTaBJICHHeEM O KOCMOMNOJIHTHYeCKOM pacmpo- 
cTpaHeHuu ToryOoro Tynua Thunnus thynnus umeetes ssraag (1°) o eymect- 
BOBaHHH OTJCJIbHbIX NOJBUAOB, PaCMpOCTPaHeHHBIX B Pa3JIMUHIX palioHax cy6- 
Tponmueckux Box (Th. thynnus thynnus — epponelicxue mops, Th. thynnus 
coretta — aTjaHTH4eckue Bogs! Cesepnoli Amepuku, Th. thynnus subsp.— 
BOAbI 1OxKHOH Adpuku, Th. thynnus maccoyii — nog Ascrpanuu u Hosoi 
Senanfuu, Th. thynnus orientalis — Bonsr Snonnu u Th. thynnus saliens— 
BOMbI THXOOKeaHCKOrO Nobepexbax Amepukn). 


MuctutyT okeaHovlorun Ilocrynuato 
Akaylemuu Hayk CCCP 20 X 1958. 


UMTHPOBAHHAS JIMTEPATYPA 


*T. Abe, Japan. J. Ichthyol., 8,° Ne 83—6, 193 (1954). 2 ALT A HU Pua eB, 
Soon. xypH., 18, Ne 2, 181 (1936). %M. Angot, Mem. Inst. Sci. Madagascar, 6, Ne 1, 
13 (1951). 4JI.C. Bepr, Kanumat mw mauanp, 1947. 5 A, F. Bruu n, Flyingfishes 
of the Atlantic, 1985. ®°G. Cuvier, M. Valencienne s, Histoire naturelle des 
polssons, 19, 1846. 7?’ L.T. Griffin, Trans. and Proc. New Zealand Inst., 54, 248 
(1923). §-€.. 1) Pea'b bs) (BM Ka mp a, Copeia, 4, 188 (1946). ® Mopcxolt ataac, 
2, 19583. %D.L.Serventy, Austral. J. Marine and Freshwat. Res., 7, Ne 1 (1956). 


1 A. H. CBaetosugzos, Cenbgespe, Dayna CCCP, Pub 26 2 i = 
ner, Zool. Jahrb., Suppl., 6, 210 (1905). RE SRE are aaa 
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Hoxaagn Akanemun Hayk CCCP 
1959. Tom 124, M5 


ITAJIEOHTOJIOTH A 


Uuaeu-Koppecnonjent AH CCCP A. TL. BOJIO’ JHH 
TEPCHNJbI KEMBPHMCKHX OTJIODQKEHHE GHTHMHCKOHM OBJIACTH 


Orxpuitue M. B. Becospoli KemOpulickux u3BecTHaKoB c ocTaTKaMH apxeo- 
4\MaT M BOMOpOCceH B patoue T'asumypckoro 3aBoza UnruucKoli 061. OblWIO Ha- 
“aJIOM BbIABIICHHA OTOXKCHHH KeMOpHHCKOM CucTeMbI B Ipesenax Bcero 3abait- 
KaJIbA nA] BepxHeli uacTu Oaccelina 
p. Amypa.|B 1956 r. 3ameuarembubie c6o- 
pbl @ayHbI apxeoluaT Opin certaHbl 
H. II. Muxuo B patone nagu 3ona. Baa- 
TOAapA 3aMevaTeJIbHOW COX paHHOCTH 3TH 
MaTepHaJibl aH MHOrO HOBOFO B OTHO- 
IU€HHH CTpOeHHA BHYTPeHHero opraHa 
apxeounat (1), KalWJIJIAPHbIX COCy]OB H 
BHelHeH OOONOUKH STHX HHTepPecHblx 
J\PeBHEMWIMX MOPCKHX 2KHMBOTHBIX. 

Ilockombky o6pa6orka Bceli KOMeK- 
aun H. II. Muxuo eme 3aqepxusaerca, 
TO IIpecTaBIAeTCA HEOOXOAMMbIM OTMe- 
THTb HeKOTOPbIe€ HOBbIe (pPOpMbI apxeo- 
WuaT, pacliupsAloulNe Halim 3HaHHA Kak 
06 HX MOpdouOrHH, TaK MH O pom cyO- 
<Tpata mpu dopmMupoBaHnuu UX KyOKoB. 
‘DOpMbI 9TH TIpHHayexaT K BbIDeeH- 
HOMy aBTopoMB 1931 r. pony Tersia, or- 
HeceHHOMy B 1957 r. (*) k cem. Exocya- 
thidae Bedford, 1939. 

@MopMbl, IpHHawekallue K ITOMY 
poly u kK OmusKomy emy posy Tersi- 
‘cyathus Vologdin, uae HaOmojatorca 
IipHpacTaBIUMMu K Hapy2xXHOli MOBEPXHO- 
CTH KYOKOB pa3HbIX BHOB apX€OIlHaTe 
A.B. Macsos (?) mp omucanuu HoBoro 
pofa apxeomuuat xKsacca Septoidea, 
umMenHo—Mikhnocyathus Maslov, ome: 
‘Yall Pa3BUTHe Ha OAHO U3 (OpM posta M. ii Vee es 
zolaensis Maslov, 1957 (°) Se rot ee Fee 5 jones ‘Vologdin, e, f, g — Kocple 
ca (OpMy M3 OTpaAa TepcHuy, Tersia CeueHHA KPYNHbIX SK3eMIIIApoB T. no- 
-adhaesiva Vologdin, NpHuuemM 3TO MOXKHO dosa Vologdin, h, i — MpogoubHple ceue- 
pacCMaTPHBaTb Kak ABJICHHE MPW2KHS- HHA To 2e sa teaee We n 7 pues 
BEBE OS AIUA orpaHusMa-cyOctpata. Mex 0 — eyoerpar, Semicond Sraomnae 
IlLy TEM HEKOTOPbIe HCCIEMOBATeIM APXCO- Bicyathus crassimurus Vologdin. Huspi 
WuaT CKJOHHbI pacCCMaTPHBaTb BOOoULe cpegquero KemMOpua Monroaun. 5X 
BCIO TpyMly OMHOCTCHHO-TCHHAaIbHBIX 
-APXeOUMaT He KaK CAMOCTOATEJIbHBIC OP- 
raHH3MbI, a KAK «BbIPOCTbI» TeX aPXCOMMAaT, Ha TeaX KOTOPbIX OHH PasBUBAaJIHCb. 
tomy ruy6oKo ommMOorHOMy TOJKOBaHHIO 6uOOTHYeCKHX B3AMMOOTHOIICHHH 
yMOMAHYTbIX OPfaHH3MOB Pe3KO IIPOTHBOPedaT MHOPOUHCCHHBIC CAydan i 
Smoyenun Tepcuu Ha KyOKax OTMEPLIHX oco6eH apxeoluaT (cM. pue. 1). 
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Muoro pexe yilaeTca HaGoLaTb pasMUHble TEPCHHAbl Ha MOBCPXHOCTAX Ky6- 
KOB apxeoluaT CO ClelaMH UX MAPKOH Hapy2KHOH o6oouKn (nmemuc). B pac— 
CMaTpHBaeMOM HwKe MaTepuase (TAO. 1), BbInBeHHOM B OOpasue Ne 2038, 
p mrydax NeNe 3, 14 u 18 Konmexuuu H. Il. Muxno 1956 r. u3 Mayu Sona pali- 
ona Ta3suMypcKoro 3aBofa, HaOmofjaloTcA ciyyan MOMHOrO Gespa3M4HA Tep- 
CHL K CHCTeMaTHUeCKOM MpHHalexKHOCTH BHOB apxeolMaT, MOCMYKMBIUUX 
yuia Hux cyOctpatom. Takum o6pa3oM, TO/KOBaHHe TePpCHHA Kak «BbIPOCTOB»’ 
apxeolMaT copepieHHO oTmajaer. Mendy Tem, Clydan NapasHTHyeCKUXx IPO- 
sBuleHnit CO CTOPOHbI HEKOTOPBIX TepCcHHA, B PpaHHeH CTaMM MHAMBULyasbHOrO 
pa3BUTHA UX OCOCeli, 10-BHAHMOMY, OTPHUaTb He/Ib3A, KaK 9TO H MOKasbIBacTCA 
A. B. Macnospim ua Matepuae H. II. Muxuo. 

Hoke faerca onucanve HeCKOAbKHX HOBbIX (POpM OTpsajla Tepcuuy, OOHapy- 
KeHHBIX ABTOPOM B KoueKituH H. I]. Muxuo us nau Sowa. 


Kaace TAENIOIDEA Vologdin, 1957 
Cem. EXOCYATHIDAE Bedford, 1939 


Pon Tersia Vologdin, 1931 


Tun poga—Tersia filiforma Vologdin, 1931, p. H. Tepcb B Ky3- 
Helkom AylaTay, HW2KHHM KeMOpHi, KaMeWIKOBCKHM TOPH3OHT. 

Ju aruos. Ky6xku ofHOcTeHHO-TeHMaJIbHble, C TEHHAMHM Pa3JIM4YHOrO CTPoe- 
HHA} TCEHHH YaCTO COMPOBORKMaOTCA WysbiIpuaToH TKaHb1O. LlenrpambHaa TMo- 
JIOCTh OTCYTCTBYEeT. 


Tersia adhaesiva Vologdin (ex MS) 
Puc. 2, /—-3 


Wuaruos. Oco6un Cc OHOCTCHHO-TCHHAIbHbIM CK@JICTOM, C TCEHHAMH B- 
0,1 MM TosMIMHOH, Cc Me@KYTeHHAaJIbHBIMM WeAMH wHpHHOH 0,20—0,25 mM; 
Ha paHHei cTaquu HHAMBUAYaJIbHOrO pa3sBHTHA CTeIOTCA Mo cyO6cTpatTy (pue. 2, 
2, C€Ba BHUSY), a Ha Oomee NO3sLHel OOocoGMAIoTCH OT CyOcTpaTa HM MPHHUMAaloT 
Ooulee HIM MeHee MpaBHJIbHy!O WHIMHApuyeckyio dopmy (qHaMmerp Jo 5,0 mm), 
HHOPa PasBUBaACb B KOJIOHHIO. 

OnucaHune Hw onpexenaeuue. Tenun dopMbl, HMeEONHe OBaJIb- 
HbI€ Y/WIHMHEHHbIe MOpbl pasmepom 0,25 mM B nonepeuHuKe u 0,40 mM B BBICOTYy, 
pacnouo*KeHbl OYeHb YacToO. IIpuH stom OnH3 cy6cTpaTa OHH MMeIOT MlacTHHya- 
TOe CTPOeHHe, a BBILIe HAYHHAIOT HCKPHBJIATLCA WH MPOMOMbHO pacilenisATbes, 
mipHoOpetad Mp CBOOOAHOM pa3BHTHU Ooslee HIM MeHee palMasbHOe CTpoeHHe. 
Ilysbipuarad TKaHb MpHCyTCTByeT JIMIUb B HMKHeH YacTH KyOKoB. Ha puc. 2, 2” 
MOXKHO BUJCTb CpacTaHHe TPeX SK3CMIVIAPOB Ha PaSHbIX CTauAX HX HHH- 
BuflyalbHoro pasBuTua. Ha pue. 2, / Te xe 9KZEMIVIAPbI KOMOHHH OOOCOOHMHCh 
Apyr or Apyra. IIpu pacuennennu Texuli AByrpaHHBle yrvibl crviaxKuBaIoTCA, 
KaK 9TO BUAHO Ha puc. 2, 3, pH yBennuenun B 12 pas, B unde. Topp 
HaPy2XXHOH CTCHKH aHHOrO BHJla OVeHb MeIKH, OKOIO 0,05 MM, 4 OTHOCHTebHO- 
pewKH. @opma BbleieHa Kak HOBbIi BU MO, HasBanuem Tersia adhaesiva 
Vologdin, sp. n. 


Bos pact. Topramuucknii u oOpyyescknii TOPH3OHTHI CpeqHero KeMOpHaA. 


Tersia reticulata Vologdin, sp. n. 
Puc. 2, 4 


Auarnuos. Paspacrasmaaca na m060mM TBeploM cyOcTpaTe nepBoHauasb- 
she cremiomasca cbopma MOSHHee OOPasOBbIBaia BbIPOCTHI Gouee HH MeHee Tpa- 
peer mtpeina nec (bopMbI — HOBbIe OcOOH KOmOHUH, WHaMeTpoM He 

MM. 1CHHY MeTeIbYaTO-NOPHCTHIe TOMMHHOL 0,25 mM Pa3MeLIeHbI paB- 


H , 
ie TEPES IPOM@XKYTKH OKOIO 0,3 MM. Mx Mexxynopossie TI€peCMbIUKH HMEIOT 


Puc. 2. 1—8 — Tersia adhaesiva Vologdin B pa3HuHO OpHeHTHPoOBaH- 
wx ceyeHuax, 4X, 4X Hu 12x; 4 —T. reticulata Vologdin, sp. mn. Ha 
PpasHbIX CTAMHsAIX HHIMBHAY adbHOro pasBHTHA, BHH3y — TMomepeuHoe Cee 
Hue Leecyathus mikhnoi Vologdin, 4x; 5—T. curvata Vologdin, sp. n. 
B KOCOM ceyeHHH, 6X; 6—T. densiuscula Vologdin, Sp. n. B CKOUIeHHO 


oslbHOM ceyeHHH, 4X; oOpaselk No 2038, komnexuua H. I]. Muxuo, 
30aa, pation TasumMypcKoro 3apolla, TOpralliHHCKoO-oOpy4eBckHe 
cAOH HH30B epesHero KeMOpHEl 


mpo 
Walb 


JUAH, 1. 124, Ne 5, Bower ui 


CTEPAKHEBUAHOE cTpoenue. Ilysbipyataa TKaHb pasBUBaNacb ca60, HO mpucyt- 
CTBOBaIa KaK B HHKHCH, Tak H B BepXHeli uacTH CKeseTa. 

Onmucauue uv onpexenenne. B o6pasue Ne 2038 (24) konnekuun 
H. IJ. Muxuo una ky6xe apxeounata Leecyathus mikhnoi Vologdin, 1957 na- 
OmtofaeTca cBoeCbpaszHoe oOpactanue, m0-BuyuMoMy, BOMOpocieBoro mpouc- 
XoxKeHHA (?), B Bue Goulee uM MeHee PpaBHOyTouMeHHOrO clos. Ha nocuer- 
He€M, Kak Ha CyOcTparte, pacnouomuca cremouintica SK3EMIVIAP OMHCbIBAeMOTO- 
Bula. Ero MpHpacTannve MO OTHOMECHHIO K CyOcTpaTy 6oKoBOe, YTO AOKa3sbIBaeT- 
Ca (opMoii Ceyennii ero Tenuii (puc. 2, 4). Ha Tom Ke BCKPBITOM IIpO3paUHbIM LVIH- 
(bom ceyeHuH MOpoybl BUuAHEI Tpy SK3eMIWIAPa (OPMEI B NO3LHEH CBOOOLHOM 
CTaqHW HX HHAMBUTyaJIbHOro pasBuTua. Mx Teun mpescTraBsieHb! CucTeMoOli Mex- 
AYMOPOBPIX CKEJCTHBIX CTEPYKHEBHAHbIX TePeMbMeK, MMpHaOUuX ceyeHuaAm 
KyOKOB XapakTepHbIli pucyHok. 

Cerepugubli XapakTep crpoenua Texnit, Ppe3KO OTJIMUHbIA OT MopucTocTu 
MpeAPIAyUeH POPMbI, 3aCTaBAeT BbIeMTb HOBbIli BU, NOM HasBaHueM Tersia 
reticulata Vologdin, sp. n. 


Bospacvt. Toprammuckuii u oOpyyesckuli ropu30HTst cpequero KemO- 
pus. 


Tersia curvata Vologdin, sp. n. 
Pues *25 5 


Auaruos. Ky6ku nenpaBusbHo o6urelit dopmbl, o§HOcTeHHO-TeHuaJIb- 
HbI€,; TCHHH BECbMa 3HA4HTEJIbHO BapbupyioT B TOME, OT 0,2 Wo 0,3 MM, CHuIb- 
HO HCKPHBJICHbI; JHaMeTP UX OKPyIvibIxX Top Jocturaer 0,35—0,40 mm. Cupbyo 
pasBHTa Ny3bipyaTad TKaHb. Hapyxunaa cTeHKa, M0-BuyMMOMy, KpymMHOnopn- 
cTax, TO*e Cc NOopamu oKoyo 0,4 wm. 

OnucanHue u onpexemeuue. Ha nopepxuocru cKeseta oTmepuiero ap- 
xeoluwaTa HeACHOFO CHCTEMATHYECKOMO NOORKCHHA, BOSMOXKHO U3 paOsoWMaTHL, 
HaOMOMaeTCA 9KZEMIIAP COPMbI, y KOTOPOro TeHuH Cpa3sy Npnobperasn paswHy- 
HY!0 OPHEHTHPOBKY B MpocTpaHCTBe, KaK ObI MOCTeMeHHO yTOUMM[aAch H BeECbMa 
MHTCHCHBHO pacujenasdcb. IlockoubKy topM nogoOnoro cTpoeHHsA paHee 00- 
Hapy2KeHO He ObWIO HH B OJHOM 3 KOJJICKIMH C apXeOlMaTaMH, TO OHA BbIeAeT- 
CA B HOBbIM BH NOX HasBaHuem Tersia curvata Vologdin, sp. n. 

Bospact. Topramwuuckuii u oOpyyepckHi TOpH30HTbI cpeHero Kem- 
Opua. 

Tersia densiuscula Vologdin, sp. n. 
Puce. 2, 6 


Wuaruos. Ky6kn nenpaBuibHon oOmel cbopMbl, HaOiojaromMecsd Kak 
B YCJIOBHAX IIpupacTrauna K cyOcTpaTy pa3IHM4UHOrO XapakTepa, Tak H B CBOOOL- 
HOM pa3BHTHH Hall CyOcTpaTOM, MMeIOT YTOJINCHHO-MaCTHHYAaTble, TECHO pac- 
MOJIO*KeHHbIe TeHuH. Toma ux 0,25 MM, WHpHHa M@XKYTCHHaJIbHbIX Ween 
0,08—0,10 mm. IIpu 9TomM TeHHM pacnoOxwKeHbl NaikaMH, B3aHMHOCOrIacOBaH- 
HO; B Mpotlecce pocta apxeollMaTa OHM 4aCTO MCHA HallpaBJeHHe paspacta- 
Hud. B MHMBUyabHOM pa3BUTHH MepBOHAya/IbHO TeHHM OOpa3OBbIBaH UX 
ryctoe cnerenne (puc. 2, 6, Busy). IlosqHee NpoABANMCh CTaqMM PasBHTHA 
KYOKOB B BUJe CMeH HampaBseHuli pocra Tennii (puc. 2, 6, BBepXxy). 

Onucanue uw onpexeneune. B Tom xe oOpasie Ne 2038 
(uty Ne 18) konexunu H.II. Muxno o6napyxxeHO HeCKOJIbKO 9K3€MIIAPOB 
MHTepecHo bopMbI co cBOeOOpasHbIMH TCHHAMH HM C BECbMa HEIIPaBHJIbHOK 
ooue dopmo KyOKa. IlockompKy 9Ta dopma BCTpeueHa BMepBble, TO OHA BbI- 
jlejeHa KaK HOBBIIi BH, MO, HagBaHHem Tersia densiuscula Vologdin, sp. n. 

Bospacrt. Topramuyckul u OOpyyeBCKHH TOPH3OHTI CpeHero KeM- 
Opus. 

6 4 K W110 de H u.é 

Takum 06pa30m, u3y4eHHble (POPMbI ACHO MOKASbIBAIOT Ha CAMOCTOATCBHOCTH. 
pa3BuTHuA copmM oTpsfla TepcuHA, COBepWIeCHHO HMCKJIOUAIOWy!O MPH3HaHHe UX 
3a «BbIPOCTbY OPraHH3MOB, CJ y?KalllHXx cyOcTpaToM. B Mean ne bale 
BCTPe4eHbI COBMECTHO C Leecyathus mikhnoi Vologdin, Mikhnocyathus zolaen- 


4135 


sis Masiov, Tersia nodosa Vologdin, Protopharetra bipartita Vologdin, Cos- 
cinocyathus aff. howelli Vologdin, Epiphyton tenue Vologdin, E. frutico- 
‘sum Vologdin u Ap., uTo yKa3biBaeT Ha CBA3H 3TOFO elle HEAOCTaTOUHO H3y4eH- 
HOrO Ta*olleHo3a C HH3aMH CpeqHero KemMOpua CuxoTs-AmuHa, Cepepo-3anaguott 
-Mounrojuu w oOlacTH CaslaupcKoi reocuukiuHasu tora CuOupu. 


Tlaneontosioruyeckuii MHCTUTYT Moctynuao 
AkaylemuH Hayk CCCP 1 XI 1958 


UHMTHMPOBAHHAA JIMTEPATYPA 


aA. Yr. Boaorgzusn, JAH, 114, NM 5 (1957), * A. T. Boaorgun, Acta Pa- 
“leontol. Sinica, 5, Ne 2 (1957). * A.B. Macaos, JAH, 117, \ 2 (1957). 
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Aornsans Akanemun HaykK CCCP 
| 1959. Tom 124, Ns 5 


IHAJIEOATOJOFH A 


B. X. POWKA 
H3MEHYMBOCTb HW CHCTEMATHYECKOE NOJIOKKEHHE NASSIDAE 
W3 HYDKHEFO CAPMATA MOJIJABCKOM CCP 


(ITpedcmasaexo akademuxom H. M. Cmpaxoesim 20 X 1958) 


Ms3yyenne HHAMBYAYabHO H3MeCHUMBOCTH ABIAeTCH HCXOJHBIM 3TATOM JIIO- 
Ooro uCCeqOBaHHA MO CucTeMaTuKe. OuOo Jenaer BO3MOXKHbIM OObeKTHBHY1O 
OWeCHKY TaKCOHOMHMYCCKOFO 3HaYeHHA OTeJIbHBIX MPH3HAKOB H MO3BO/KeT H3- 
O@KaTb HeOMPaBaHHOrO BHIeeHHA OoOMbUIOTO KOMMUeCTBA BHOB H3 OLHOF 
MECTHOCTH, JaxKe B CJlyuae SHAYHTebHOFO MoOpdouorMuecKoro pa3HOOOpa3sua 
ocodeH nonyialuu. 

HecoMHeHHO, BCe 9TO OTHOCHTCH H K CHCT€EMATHKe HCKOMaeMBIX OpraHH3MOB, 
B YaCTHOCTH CaPMATCKHX COJIOHOBATOBOHBIX TacTPpONOL, OLHAM H3 NOKasaTesb- 
HbIX IIPHMeEPOB CpefH KOTOPHIX ABJIAIOTCA MpemcTaBuTesmu cem. Nassidae, 6pip- 
WWHe WHPOKO pacipocTpaHeHHbIMH B CapMaTCKOM MOpe Ha BCeM e€Fo MpOTAxKeHHH 
ot Bexcxoro OacceliHa Ha 3anmaye Wo Oeperos ApampeKoro Mops Ha BOCTOKe. 

Hauunaa c XIX B., yueHble, u3y4aBlIMe CapMaTCKHe HaCCHIbI, OTHOCHIIN 
UX K OJHOMY H3 CyIeqyIomux pofos: Buccinum (Copep6u, SxBasibz, OpOunbn, 
P. u M. Tepuec, Cuxios, KomecnHukos, Cumuonecky u Bap6y u gp.), Nassa 
(DoutTauHb, Auypycos), Lathyrus (KoOpiwuecky) u Dorsanum (Koccmauy, 
@Mpuyz6epr, Ilann, Kopo6xos). IlpuunHok Takoro mpoTuBopeyusa nocayxKH0 
OTCYTCTBHE JIA MePeuMCJICHHbIX POAOB YeTKO XapakTepHSyIOUHX AHarHosos, 
comepKalluxX KOHXWIHOOrHYeCKHe IMpPH3HaKu. 

Tlo o6uemMy MHEHHIO COBPeCMECHHDIX MaJICOHTOOFOB, PObI Buccinum u La- 
thyrus B TpeTH4HoM Mepvoye He OOnTaH B CpequsemHoMopckom Oaccelive, Tak 2Ke 
KaK H€ XKHBYT OHM TaM H B HacTosulee Bpema. UTo Kacaetca poops Nassa u 
Dorsanum, TO OTCyTCTBHe YeTKHX KOHXHJIMOJIOPHYCCKUX KPHTepHeB H MOpo- 
MOPHYeCKOe CXOJICTBO CApMATCKHX HaccHy C OOOHMH POaMH JeaeT HEBOSMOXHbIM 
OObeKTHBHOe OTHECeHHe MOCeMHHUX K OAHOMY H3 HUX. 

O6OosHayeHHe CapMaTCKHX HaccH TO OMHUM, TO APYTMM POOBbIM Ha3BaHHeM 
BbISbIBAeT HeOpasyMeHHA HU OCMOXRHAeT padory cTpaTurpabos-11pakTHKOB, HO 
4 BbIemeHMe HX B CaMOCTOATebHbIe poss! (Duplicata u Akburunella), mpevo- 
xKeHHoe B. IT. KomecHuKospi (*), JIHIMeHO MOCTATOUHbIX OCHOBAHHH HW He MOJly- 
iO MOMepxKH y MateouTonoros. Ilostomy, cenyst Slots TeHJCH- 
quu (°, 4), OyfeM HasbIBaTb CapMaTCKHX MpeACTaBUTeNeH CEM. Nassidae poxo- 
sbIM uMeHeM Dorsanum, Kak mpesioxwxeHo euje B 1901 r. KoccmaHHom. 

CucremaTuka CapMaTCKMX HaccH, Kak BHOBaA, TaK H BHYTPHBUOBaA OT- 
iuyaeTca OOubWwO HeycTounMBocThIO. TocnofcTBopaBilad B MaseOHTOJOrMHn 
[0 BpeMeH OMXBasIbjla H Op6uHbu MpakTuKa omucaHHA BHJOB MO HeEMHOroUNc- 
1€HHBIM, UaCTO C(MHMUHbIM 9K3EMIVIAPAaM, NOCTYNABLIHM K ne ele Kak 
IPaBHJIO, OT PaSHBIX JIHI, HHOra O€3 TOUHOH AOKyMeHTALH, eee poe 
Hue cTapOl KOHIeNUM THMA, MPHBOLMIH K BbILeTeHHIO HeMlpaBlonoy 

KHX BHOB. 
ae meat St atte es 2 HeOreHOBOH KOHXHMMOpay HbI se Kourec- 
4HKOB B CBOCM OMMCaHHH CapMaTCKHX MOVJIJIOCKOB B (2) mpHBoxHT BUOB U 
17 suzop u sce 11 BapbeTeTOB BbI,emsioTCA 
a Ai eaaas iene Salinas 6J1IeHHe BHOB MbI BCTpeyaem 
Se ee ey. ae ies ee capMaTCKUX pine 
3 pabore Cumuonecky u Bapoy (*), KoTOpble TO " 
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BeccapaOuu u SanpytcKod Moos Bbieu1 AIOT 33 Bua HaccHi. Hakonell, B 
padore A. Ilana (°) komuuecTBo @opM Haccud BospacTact 3a CueT BO3BeCHHA 
pappereTos B. II. KonecHukoBa B paHr NOXBUAOB. 

MatepuasioM JWI HaCTOAUerO UCCHEAOBAHHA MOCAYRHA KOJTEKNMA HHI 
HeCaPMATCKHX HaccHy (OKO 1000 sK3emmaApoB), COOpaHHas aBTOPOM B 06- 
HaxKkeHuu y c. BypcyK, PsopemitcKoro pahoua MonyCCP. 3ecb, Hal TOPTOH- 
CKUMH, 2B BepxHeli uactu (10 A. I. S6ep3uny), BO3MOXKHO, OyrOBCKHMH, KBap- 
I[eBbIMH N€CKaMM C PCAKHMM MpOCMOAMH T'IMH OOHAKAeTCA NOMHEIH Paspes HUA | 
Hero CapMaTa, MpeACTaBJeHHIH BHH3yY MepreJMCTbIMH TIMHaMH, WepexOAALLMMH | 
B Cpequeli UaCTH B KBapleBbIe MeCKH C MpPOCJIOSIMM H3BECTHAKOB, H 3akaHYMBaloulH- 
CH YepeYIOULHMUCA CJIOAMM MeCUaHHKOB HW U3BeECTHAKOB. Boe 3aslerarorT cpey- 
HecapMaTCKHe H3BeCTHAKH. | 

He BaaBasich B eTamM (ayHHcTHyecKoro KOMIJIeKCa, OTMETHM, 4YTO MaccO~ 
Bast BCTpeyaeMOcTb HHTepecylouHX Hac HaccH MpHypoweHa K HWDKHeH TJIMBMC- 
TOM YaCTH paspesa MU 4TO OHH, ABJIAACb OCCHOBHBIM KOMIIOHCHTOM MOJIJIKOCKOBOK 
(bayHbl, BCTPevaloTcH 3yleCb COBMECTHO C HHXKHECaPMATCKUMH MpeACTaBHTe.1 MK 
pogos Potamides, Gibbula, Murex (B Husax), Cylichna, Mohrensternia, Hyd- 
robia, Musculus, Ervilia, Cardium, Abra, Mactra, npwyem nocaeqHHe 3ax0- 
pOHeHbI C HepascOuleHHbIMM cTBopKaMH. MoxEO nosaraTb, 4YTO TO MeHbIUeH Me- 
pe B SNOXY HakOMJieHHA TIMH STOT yYaCTOK HWKHeECapMaTCKOrO MOP MpeAcTaB- 
AJ) MCJIKOBOJHYIO 3aBOJb, BOSMOKHO 3aJIMB, Pe OCTaTKM JOHHOH PayHbl 3aXxo- 
poHsasucb in situ. 

COopbl (ayHbl MpOusBOTHINCh MOCIOHHO H3 MATH MOCeOBATebHBIX y4acT- 
KOB HWKHeM TIMHMCTOH 4acTH paspesa. 

IIpeqpapuresbHoe onpewesenue KouekuMH 10 Monorpadun B. II. Konec- 
HuKoBA (1) BbISBHIO MpucyTcTBHe B Hel cefMyioulNxX 9 BUZOB uM 8 BapbeTeTOB: 


1) Dorsanum janitor (Koles.) 
2) D. janitor (Koles.) var. sokolovi (Koles.} 
3) D. neutrum (Koles.) 
4) D. neutrum (Koles.) var. pergrave 
(Koles.) 
D. preakburunense (Koles.) 


10) D. mirandum (Koles.) 

11) D. seminovale (Koles.) 

12) D. opinabile (Koles.) 

13) D. opinabile (Koles.) var. trabale 
(Koles.) 

14) D. superabile (Koles.) 


9) 
2) PD. duplicatum (Sow.) 15) D.*superabile (Koles.) var. marcidum 


)D. duplicatum (Sow.) var. longiqua (Koles.) 

(Koles.) 16) D. superabile (Koles.) var. luxuriosum 
8) D. duplicatum (Sow.) var. gradaria (Koles.) 

(Koles.) 17) D. dissitum (Dub.) 
9) D. duplicatum (Sow.) var. ominosa 

(Koles.) 


OHaKO CrpyHMMpOBaTb BCe PaKOBHHI NO NepeyHceHHbIM BUaM OKa3ZaJOcb 
HEBO3MOXKHBIM; OOJIbLIMHCTBO 3K3EMMIAPOB C PaBHbIM OCHOB@HHeM MO?KHO OBIJO 
OTHECTH MOUTH K JHOOOMY M3 HMX, H JIMIb HeMHOrve (PopMbI, OTMMUAIONMeCs 
Oomee Pe3KHM BbIPaxKeHHeM TeX WJM MHbIX (WMarMocTHyecKux no B. I. Komec- 
HAKOBY) MPH3HaKOB, NOAaBasICb OAHOSHAYHOMY OMPeleseHMto; TIpH 3TOM OCc- 
HOBHAaA MaCCa PaKOBMH CBASbIBAJIA UX CTOJb NOCTeNeHHBIMM Nepexosamu, uTo 
CKOJIbKO-HHOY Ab OOOCHOBAHO pagOpBaTb STOT PAX Ha OTEIbHBIE vacTH npex- 
CTABAJIOCb HEOCYLLECTBUMBIM. 

Bee 9TO MIpHBOAMO K MbICIM, UTO Bech paccmMaTpuBaembili MaTepHaJl, He- 
CMOTP# Ha CBOIO Pa3HOJIMKOCTb, BCe %Ke OHOPOeH. 
Jlia 0ObeKTHBHOM MpoBepku 2TOFO MpesANoONOr*KeHHs NocuOliHBIE cOopbl OblJiH 
ioe AO PpallMOHaJIbHbIX pasMepos B 100, a B cy4¥ae UX OTHOCHTeIbHOH 
CAHOCTH — 50 SK3eMIWIAPOB KarK[bIil, TAK YTO NOyUHNOCE 5 BbIOOPOK OGmlelt 
WHCJICHHOCTbIO B 400 pakoBuH. 3aTem nO KaxKyoli BbIOopKe ObLIN NmocTpoe- 
Hb KPHBbiC MSMCHYMBOCTH MO paty mpHsHaKkos. Jina ananw3a Opasce n0 


BO3MO2KHOCTH BCe JOCTYMHBbIe H3Mep 
CHHIO WM CuerTy MOpdouorHyeckHe NpH3 
CUMTABINMeCH WHarHOocTHueCKUMMH. ; - — 


Bee nomyuennpie IIpH 9TOM K 
CTpOro OJHOBepIHHHBbIMN, 
BbIOOPKH. 
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PHBBIe JJ BCeX MATH BbIGOPOK OKa3aJINcb 
WTO NCATBEPAMIO OMHOPOAHOCTh BHYTPM KarKMOiA 


OctTaBaNlocb BbISCHHTb, HMeIOTCA JIM pasJJMUMA MexK]y BbIGOpKaMH HW ecu 
OHH €CTb, JOCTATOUHO JIM OHH BeJIMKH, UTOOBI OTHOCHT BbIOOPKH K OTJeJb- 
HbIM CHCT€MATHUeCCKMM e]MHHIaM. 

Ilocrpoennpie c 3Toli Lembo AMarpaMMbl W3MeCHUHBOCTH NOKa3aJIM, ITO WIA 


an aJIH3H pyeMbix UPW3HaKOB pa3JIMuHnA Mex LY BbIOOpKaMu JJHOO CTATHCTHYECKH He- 
JLOCTOBEPeHBI, JIMO0 BeCbMa H€3SHAUHTeCJIBHBI HM He JaloT OCHOBaHUH J\J1H BbI- 
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noix pebep MobHblx byeopkob Aa OcHobaHuu 
Puce. 1. Kpuspre u3MeHuHBoCcTH POPMbI CKysbMTypb! pakoBpun Dorsanum 


duplicatum (Sow.) 43 HmkKHero capmata MoayCCP 


e@@CHHA BYOB HIM MosBuyoB. Ilostomy He Oyyer omHO0uHbIM paccMaTpH- 
BaTb BC@ BbIOOPKH BMECTe Kak XaPaKTePH3YIOULHe OJHH MaJlO H3MCHAIONLMHCA 
BO BPe€M€HH BUI H H3YYHTb CFO H3MCHYHBOCTb. 

C sto wemb1o Qvuia Bcex 400 pakoBHH H3MepAJINCh HW OMpeReiAJIMCb BbICOTA, 
MHACKC (POPMBI, OTHOCHTebHaA BbICOTAa YCTbA, BeIMYNHA aNNKaMbHOrO yrvla, 
rycToTa MpOJOMbHbIX peOep, WIHTCIbHOCTh IPOABJICHHA CIWPaJIbHbIx peep B 
OHTOPeHe3e, OTHOCHTEIbHAA MACCHBHOCTb MPOMOIbHbIX peGep H MPHINOBHIX Oy- 
TOPKOB H XapaKkTep MpOO/bHbIX peOep Ha OCHOBaHHH. Becero vcceqoBasocb Je- 
BATb ipH3Hakos. Ha puc. | u3s0OpaxKeHbl KPHBbIe€ H3MCHUMBOCTH, NOCTpoeH- 
HbIe 110 KaxKOMY IIPH3HaKy B OTJ@JIbHOCTH; KPyxOUKaMU C Wudpamu o603Ha- 
yeHO nowowKeHHe opmruHalos B. II. KouJleCHHKOBa TIO COOTBETCTBYIOULHM IIpH- 
3HaKaM; Wudpp /—/7 oTBeyaloT MOPAAKOBbIM HOMepaM 17 BuOB H BapbeTeros, 
Me@peuHCJICHHbIX BbILLUEe. 

Buicota pakopuubl (puc. |, a) mpu 6—7 o6opoTax cnupain KoeOleTca OT 8 
no 18 MM; MaKCUMaJIbHOe 4HCIO paKOBHH OO/aaeT BbICOTOH B 12 mm mpu ecpex- 
HeM 3HaueHHU Jia BCel BbIOOpKU, paBHOM 12,64 mM. 

Vingexc cbopmpr (6), HuIH OTHOLICHHE WIMPHHbI K BbICOTe, MCHACTCA OT 0,41 
y YAJMHEHHBIX pakOBHH 10 0,65 y BbINYKJIBIX, AWA OOJIbLIMHCTBa PaKOBHH IIK- 
PHHa rocmesqHero OOOpOTa COCTAB/IACT OKOJO MOAOBHHDI (0,49) BbICOTEI. 

OrnocuteibHad BbICOTa yCTbA (@) — OTHOUICHHE BBICOTbI yCTbA K -BbICOTe 
| — JlOBOJIbHO H3MeHUMBbIN MpH3HaK, aMMIMTy a KOJIe6aHHA KOTOPOrO 


12 4139 


PaKOBHHb 


B paccMaTpHBaeMO BbIOOPKe OllpeseAeTCA KpaliHHMH 3HaueHHAMH B 0,40 u 
0,58; y OOMbWMHCTBA SK3eMMIApPOB BbICOTa YCTbA coctaBuser 0,48 BbICOTHI 


paKOBHHBEI. 
Benwuuua aluKasbHoro yruia (2) MpAMO KOppe/HpOBaHa C HHJCKCOM cbopMb! 


paKOBUHbl M BapbupyeT B Npeswemax or 41 10 65° mpu cpeauem 3Hauenun B 46, 1°; 


MAKCHMAJIbHOe UHCIO 9K3CMIMVIAPOB XapaKTePH3YyeTCA AaMHKAaJIbHbIM YIJIOM B 45°. 

OTHOcHTebHaAd TYCTOTA MIPOAO/bHBIX peOep (0) — YHCMO MPOAOJIbHBIX pe6ep 
Ha OMMH OOOpoT — KONeOueTCA B Upeneiax oT 8 LO 18 npu cpeqHeM HM MOJaJIbHOM 
3HaveHHAX, paBHEIX 12. Kpaiinwe 3HayeHHA STOO NpH3Haka CHMTAaIHCh AHa- 
PHOCTHYCCKMMH JWI HEKOTOPbIX H3 PaCCMATPHBaeMbIX BHIOB HaccHy. 

TIpofouoKUTeJIbHOCTh CYLLCCTBOBaHHA CIMPAaJIbHbIXx peGep B oHToreHese (¢) — 
OU 3 HavOoulee H3MCHUMBHIX CKYJIbIITyPHbIX MPH3HAKOB, HEOOOCHOBAaHHO CHH- 
TaBUIMlicd paHee TAKCOHOMMYeCCKH BaxHbIM. Y PpacCMaTPHBaeMbIX PaKOBHH Mep- 
gpili OOOpOT BCerfa MiakKuli; HaYHHaA CO BTOporo OOopoTa OObIYHO MOABIAIOT- 
CA UeTHIpPe CMUPabHbIX peOpa, KOTOPHIe, MepecekaAt MpOMOMbHbIC pe6pa, 
MOFYT M11aBHO CXOJMTb Ha HeT; y KpaliHHX BapHaHTOB OHH JIMOO MpooN«KaloT- 
CA BIVIOTh MO MocmegqHero O6opoTa, H60 COBCeM He BO3HUKAaIOT. BOJbIIMHCTBO 
paKOBMH COxpaHseT CHMpa/bHbIe peOpa BMOTb AO ueTBepToro oOoporTa. Ha 
puc. 2 ([—7) noka3aHa u3MeHUMBOCTh sTOrO MpHsHaka. Hapady c mpoxommu- 
T@JIbHOCTbIO CYUCCTBOBAHHA BapbupyeT HM Pe3KOCTb CMMpPaNbHOH CKYJIbIITYpEI, 
qTO WulmocTpupyetcx puc. 2, 8—J0. 

OTHOCHTeIbHaA MACCHBHOCTh MpOsObHbIx pe6ep (puc. 1, 9) cunTamacb 
NOCTOAHHBIM JWIA pAa BHLOB MPH3HAKOM; OAHaKO MpOCMOTP H aHasM3 OOJbINUX 
KOWIEKIMH MOKasas EO 3HadHTeIbHY!O H3MeHUHBOCTH. Ja NOCTpOeHHA KPHBOH 
BCA BbIOOpKa Oblla N10 STOMY MpH3Haky pa3flemeHa Ha WeCTb KslaccoB, 0003Ha- 
YCHHBIX PHMCKHMH LWMdpamu. OTOT px uimiocrpupyetca wa puc. 2, J/—I16. 

OruocuTeibHad M@CCHBHOCTb IIpHUOBHEIX OyropKoB (puc. 1, 3) onpemena- 
laCb AHasJIOTHYHO MACCHBHOCTH MIpOMOIbHbIxX peOep. KpatuHue u cpeqHee 3Ha- 
YeHHA STOO MpH3HaKa NOKa3saubl Ha puc. 2, 17—19. 

Tlopegqenue MpoOuIbHbIX peOep Ha MOceqHeM OOOpOTe H Ha OCHOBaHHH BeCbMa 
W3MeHUMBO (puc. |, u), TAK UTO MOXKHO MPOCMEAUTh BCe MEPeXOMb! OT COBEPLICHHO 
rlaqKoro OCHOBaHHA WO pe3sKo peOpuctoro. Ecau B 3aBHCHMOCTH OT STOO pa3- 
JIOMKUTb BC€ PAKOBHHbI Ha TPH KJlacCa, HX KOJHYeECTBO paciipeseuTCA Kak M0- 
Ka3aHO Ha MpudiaraemoH KpuBOH. Puc. 1, 20—22 naeT HaraaqHoe mpescTaBseHue 
06 H3MCHYMBOCTH STOFO MpH3HaKa. 

Hacrosilee uccieqoBaHHe MNO3BONAeT CleaTb Clelyroulve BEIBOAHI. M3y4ex- 
HbI€ PaKOBHHbI OOpasylOT OAHOPOAHy!O Tpynmy, 4TO MOKa3sbIBaeTCA OMHOMO- 
HabHOCTbIO KPHBbIX H3MCHYMBOCTH AH@JIH3HPOBaHHbIX NPH3HaKOB. SHayHTeIb- 
HOM H3MCHYMBOCTH MOABEpXKeHbI Kak (POpMa, TaK H CKYJIbITYPHbIe OCOOeHHOCTH 
PaKOBHHbI, a PAX OCcOOeH CTOMb CHJIbHO OTKIOHACTCA OT CpeqHero TuMa, YTO, 
OyAyuH PacCMOTPeHb! OTACbHO, IPHHUMAIUMCh NpPeMbILyULHMH HCCMeLOBaTeLAMH 
3a pasHble BubI H BapbeTerbl. M3 mpoBeyenHoro aHaJIusa, OHAKO, Clelyer, 4TO 
OHH AOJOKHbI PaCllCHHBaTbCA KaK BaPMaHTbI CHIbHO H3MCHUMBOH Ppynibl H Kak 
TaKOBBI€ BPA JIM SAC YKHBAIOT OTCMbHbIX HAYYHBIX TAKCOHOMHYECKHX Ha3Ba- 
uuu. Ilo 3akony nmpuoputTera 3a HUMH CyeMyeT COXpaHUTb camoe paHHee u3 
MpeMIOKEHHEIX BHOBbIX Ha3BaHH, a HMeHHO Dorsanum duplicatum (Sow.). 

Ouenb OonbUIad aMmuTyqa ONTOreHeTHYeCKOH H3MeHUMBOCTH cnupasIbHou 
CKYJbITYPbI CHIbHO OCORHAeT (CCIM He HCKOUaeT) NPHMeHeHHe MpHALHNA 
PeKANUTYIALMH MI yCTAHOBNeHHA PuMOreHeTHYeECKOrO PoOCTBa CapMaTCKHX 


Haccu, B TOM BH, B KOTOPOM OH ObWI MmpenoxeH Tpaday ana racrponoy (°). 
Tlaneontonoruyeckuii MHcTHTyT 
Akayemun HayK CCCP 


ene UMTHPOBAHHAS JIATEPATYPA 

F 2 it, KOWECHHKOB, Tp. leon. uncer. AH CCCP, 2 (1932). 2 = 
H area eee CCCP, 10, 1985. %®B. TM. Koaecuu B, re 38. M8 (19) 
iar - at Lee Gee pear ea ES Ce PYKOBOZCTBO NO TPCTHUHBIM MOJIOC- 
Mitteil. Geol. Gesellsch. Wien, 45 (1959), " eee 6S carne ae 


Mem. Inst. Geol. Romaniei, 3 (1940). "I. Simionesecu, 1. Z. Barbu, 
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Tloctynuuio 
10 X 1958 


12 hk 


oW.), WIJIOCTpHPYIOWNe HHAMBUAYasIbHYyIO 
—7 — MpOJOsI2KHTEIbHOCTb cylllecTBOBaHHsA 
8—10 — pe3KocTb CHHpasbHoll ckyabntypp, //— 
ombubix pe6ep, 17—/9 — MacCCHBHOCTb MPHUIOBHBIX 6yropKos 
90 —22 — opHameHTallHA OCHOBAHHA pakOBHMbl ; : 


Puc. 2. Payer opm Dorsanum duplicatum (S 
H3MCHUHBOCTb CKYJIbITypbI PaKOBHHDbI. 

IpOMO/bHBIX peOep B OHTOTCHESE, 
16 — maccuBHocTb pod 


Hornayn Arkanemun Hayk CCCP 
1959. Tom 124, M5 


MHKPOBHOJOMH fA 


5. A. ®HXMAH 


NIPHHUWM AMMEPCHOHHOM MHKPOPE®PAK TOMETPHH 
AJIA MPAMOPO ONPEAEJIEHHUA DKUBbIX HW MEPTBbIX K JIETOK 
BAKTEPHH 


(ITpedcmaeaexo axademuxom B. H. Ianownuxoeem 16 X 1958) 


OnpeyeeHne UHCa 2KMBbIX M MEPTBBIX KJIETOK W HX KOMMUYCCTBCHHBIX COOT- 
HOWeHHH B MHKPOOHBIX MONYJIAWHAX WIN B8BeECAX UMeeT OO/IbINOe 3HAYeHHe MWA 
PasJIMYHBIX OOaCTeH MpakTHYeCKOl HW IKCHEPHMeHTabHOH MuKpOOHONOruH. He- 
CMOTPA Ha OOMbIUOe KOMYECTBO MpeAMO2XKeHHBIX METONOB (KYJbTYPAaJbHbIX, 
MOP(OsOrHYeCKHX, XHMMYECKHX, WMTOXHMMYECKHX), MO HacTOAUero BpeMeHH 
MHKpOOnoNOrMueckad TEXHUKAa HE pacModaraer AOCTaTOUHO TOUHBIM, OObeKTHB- 
HbIM HM MPOCTbIM MeETOJOM VIA NpAMOrO AuddepeniMpoBaHHOro NoscueTa %XKUBbIX 
M MePTBHIX OakTepHaJIbHbIX KJI€TOK. OTO OObACHHeETCA TEM, UTO MPHMeHAeMBIC 
B HaCTOAULee BPEMA METObI — HE3ABHCHMO OT NPHHILNMA, NOJIOXKEHHOrO B UX OC- 
HOBY,— HE IO3BO/IAIOT IPAMO, 6€3 JONOJHUTEIbHbIX BOSeHCTBHH Hu Cc MocTaTou- 
HOM JOCTOBEPHOCTbIO KOHCTATHPOBaTb HaCTYMMBIY!IO CMepTb OakTepHaJIbHOH 
KeTKH. B cCBA3H C STHM BHHMAHHA 3aCslyxKMBaeT cbeHOMeH HeOOpaTuMorO 
H3MCHEHHA ONTHYCCKHX CBOHCTB (BO3PacTaHHe ONTHYECKOM MIOTHOCTH HW NOKa3a- 
TeJIA CBETONPeJIOMJICHHA) KJICETOK B pesyibTaTe ux cmMepTu. JlocTaTouHO ueTKoe 
BbIABJICHHE MH KOJIMYeCCTBCHHAA OWeCHKa WaHHOrO (beHOMeHa CTaJIH BO3MOXKHbIMH 
TOJbKO NOce BHeEPeHHA B MpakTHKY MMKPOCKOMMYeCKOrO HCCIeEOBaHHA Me- 
Toa dbasoBoro KOHTpacta. BaxKHbIM yJIYULeHHeM MeTOJa ABHJIOCb MPpHMeHeHHe 
CHeMMaJIbHbIX HMMePCHOHHbIX cpey (1~%,°). IIpumenenne pacTBopoB ambOymuHa 
TOUHIX KOHWEHTpalluii nosBosMo (') paspa6oTraTh MuKpopedpakTomerpnyeckuii 
MeTO, ONpeWeeHHA KOHICHTPallMW CYXHX BelUleCTB HW BObI B XKHBHIX K/eTKAX. 

Kak u3BecTHO, (a3sOBOKOHTpacTHoe H30OpaxkeHne OTPaxkaeT CTeMeHb OMTH- 
yeCKOH TWIOTHOCTH HM CBA3AHHOrO C Hel OOWMMH COOTHOLICHHAMHM NOKasaTesa 
cBeToMpenomieHuaA OObeKTa. Bmecte c TEM, HHTCHCHBHOCTS HW300paxKeHuA O6B- 
€KTa, HMM€PrHPOBaHHOTO B TOM uJIM HHO Cpeye, 3aBUCHT HE TOKO OT IPOUsBe- 
JCHHOH HM pa3sHOCTH (has, HO W OT rpaj\MeHTa STOH PasHOCTH. JlaHHoe oOcTOATesb- 
CTBO ABJIACTCA MPHYHHON TOFO, YTO IPH oObMHOH (ba30BOKOHTpacTHOH MUKPpo- 
CKONHH “enOBeyeCKHH Tvia3, HeCMOCOOHbIM KOJINYe€CTBEHHO OICHHTb HHTCHCHB- 
HOCTb H300paxKeHHA, He BCerfa peasyeT BbICOKYIO YYBCTBUTEJIBHOCTh MeTOIa. 
CneunasIbHbIe OMbITbI, MPOBeJCHHbIe C IleJIbIO YCTAHOBJICHHA ONTHMAJIbHBIX YCJ10- 
BUli JIA BHIABJICHHA PasHUMH B CBETOMPCJOMCHHH M€2Ky 2KHBbIMH MH MepT- 
BbIMH KJI@TKaMH, MOKa3a/IH, UTO MaKCHMaJIbHaA ONTHYeCKaA Mudpepentnallusn 
M@K]ly HHMH JlocTHraeitcH pH MPHMe€HeHHH HMMEPCHOHHEIX Cpe C NOKa3zaTeJeM 
CBeTONpeOMIICHHA, PaBHbIM WJM HEMHOFO IIPeBHILNAIOWMM NOKAasaTedb CBETO- 
IPCNOMIEHHA MPOTOMIAa3Mbl XHBIX KJETOK. Ilpu sTux ycuOBHAX Tla3 erKo 
BBIABIACT pagJIMUHA B CBETOMPeOMJICHHH MCKAY MEPTBBIMH KJl€TKAaMH (boHom 
nperiapata, MpescTaB/JeHHbIM HMMe€PCHOHHOM CpeQOH MU He OTVIMMAIOWMMHCA OT 
Hee MO MOKagaTeJIO CBETOMPeJIOMJICHHA 2KHBbIMH KJICTKAMH. 

Tipu vcnbiranwu pasJiHuHbIX HMMCPCHOHHBIX CPesl HaWJYUWIHE PesyuIbTaTbI 
6bWIH MOyYeHbI C 2KeAaTHHOBbIMH PeJlAMH, o61ayafolluMH GE RToAcee Tn 
TPOMHOCTbIO H OTCYTCTBHEM nl peuMylleCTBCHHOH Srseaer a.’ suey eae rd 
HOCTbIO JIA 2KMBbIX KJICTOK H OMNTHYECKON MpO3payHOCTHIO. Ap ie 
HOCTb M IWIOTHOCTb reel O6ecneunBaloT auepaptt eee paulo iu 
o6e3iBuxKuBaHHe KeTOK. IloKa3zaTeb CBETOMPeOMACHHA 2KENaTH ne 
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B HanOovlee BaxkHOM JManasoHe (OT 1,350 yo 1,390) HaxodHTCa B JIHHe€HHOH 3aBH- 
CHMOCTH OT KOHIL@HTPallu *KeaTHHb!. [IpopeqeHHbIe HaMH ompeye1eHHaA M0Ka3a- 
Te CBETOMPeIOMICHHA 2Ke1aTHHOBBIX reieli pasIHUHOH KOHWeHTpalluH C MOMO- 
bIO OPHTHHAabHOH MOEN NOAAPHSalHOHHOLO HHTepdepomerpa, CKOHCTPYH- 
popanHolt H. M. MemaHxou1HHbiM (4), MOKa3aH C1eyIOllyl0 3aBHCHMOCTD: 


A S . 95 2 95 Z 
KonleHTpalisa 2KeaTHHB!, % 10 15 20 25 30 25 40 


Toxa3ateb cBeTompenomaenua 1,390 1,358 1,366 1,374 1,382 1,390 4.397 
ru Januble 613K K JaHHbIM, MOTyyeHHEIM Mios.1epoM ‘es F 
BpiGop KOHWeHTpaluH PelA 3aBHCHT OT Bua MHKPOOPPaHH3Ma. Tax, 22% 

sKeaTHHOBbIi Feb MO MOKa3aTeJO CBETONPeIOMIeCHHA HaHOO7ee OLH3SOK K TO- 

KagaTeiO CBETOMPeOMAeHHA MpOTOMTa3MBI KeTOK B. coli. [1a 4yMHBIX MHK- 

po6os HanGoulee 630K 23% %eTATHHOBBIH Telb, AIA cTapuOKOKKa — 27%. 
Tipu anontpabHoii MuKpockonHH (OObMHBIe PasOBbIe OOBCKTHBBI, OOTA7AaIO- 

ULMe MeHbIUUel pagpelliaroujell CMOCOOHOCTHIO, WatOoT MeHee YETKHE pe3yabTaTEl) 

XKHBbIX H MEPTBbIX KJI€TOK, HMM€PprHPOBaHHbIX B IKeaTHHOBOM Pee COOTBET- 

cTBYIOULel KOHWeHTpallHH, HaOoaetTca caeqyloulee: Ha CBeT/IO-KOPHYHCBOM 

(bone mpenapata Hapsy C APKO CBETAU[HMHCA KCTKAMH BHAHBI KIeTKH — <Iy- 

CTOTbD, YETKO OKaliMI€HHbIe CBETAWIHMCA TOHKHM OOOJKOM — KJ1eTOYHOH CTeH- 

KOH. OTH WBa Bua KIeTOK, H3 KOTOPBIX Ne€PBbIli COOTBETCTBYeT MEPTBBIM, a BTO- 

poll — >%KHBBIM KJleTKaM, BHHbI COBePHICHHO Y€TKO, H HX ONTHYeCKad auppe- 

peHMallusd upesspiaiino mpocta. Y HeKOTOPBIX XXHBHIX KJ€TOK, OCOOCHHO Mpu 

HCCIeLOBAHHM MOJIOAbIX KyIbTyp, HaGmoJaeTcd Tak Ha3biBaeMoe oOOpaliieHHe 

KOHTpacra, T. €. MpoToMacT TaKHX KeTOK TeMHee ona. ITO aABAeHHe, OSyCO- 

BuIeHHOe Goulee HH3KHM MOKa3aTeeM CBETONPeJIOMICHHA LAHHBIX K1€TOK 10 CpaB- 

HEHMIO C .PYHMH XKHBbIMH KJ€TKaMH NOMYAAWHH, CBHCTeEIbCTBYeT O BSICOKOM 

JMCNepCHOCTH KOJIOHIOB MpOTONMa3sMbl H YKa3bIBaeT Ha MOBBILUEHHY!O HHTEH- 

CHBHOCTb X%KH3HENeENTEIBHOCTH JaHHbIX KICTOK. []pample HaOm0eHHA 3a Wasb- 

HeHUIMM PasBHTHeM OMHCAHHBIX Ke€TOK 10Ka3aiH, YTO OOABLIHHCTBO 2KHBBIX (On- 

THYECKH «ITYCTHIX») K€TOK OOHAPY2KHBaeT BCe IPH3HAKH Pocta H eteHHa. UacTb 

2KMBbIX KJI€TOK B Wporecce HaOTOeHHA OTMHPatla, NpeBpalllascb B OnecTauHe 

KneTKH. He ObWIo OTMeYeHO ABJICHHH POCTa HAH DZeleHHsA OecTSU,HX KeTOK. 
Berpeyarouecd HHOra NpOMexyTOUHHIe MopMp! (KeTKH C HePaBHOMePHO 

YTOJIWCHHBIMH CTCHKAMH H CBeTAULHMHCA yu¥acTKaMH MpoTomAa3Mel) mpey- 

CTaBIAIOT COOH, MO-BHIHMOMY, Pa3JIHUHbIe CTeEMe€HH Ke€TOUHOH erenepallHH. 

IIpampie HaO OCHA 3a JaIbHeHWIHM Pa3BHTHe€M TaKHX K.e€TOK MOKa3aqH, 4TO 

TOJIbKO HEKOTOPble€ H3 HHX C HAHMCHEEe BbIPAKCHHBIMH MPH3HAaKaMH “10KaAbHOH» 

HereHepalluH cmocoOubl K Wetennio. Uro 2wXe KacaeTCd BTOPHUHBIX H3MeCHEHHH, 

peTepneBaeMbIX ME€PTBbIMH KI€TKAaMH B Tpolecce ayTOAH3a, TO B 3aBHCHMOCTH 

OT CKOPOCTH HaCTyMJe€HHA, HHTCHCHBHOCTH H JOKalu3allHH STHX MpoleccoB B 

CBETALLUXCA KI€TKaX NOABIAeTCA GobWIee HAH MCHbINe€e KOTHYCCTBO ONTHYCCKH 

«MYCTbIX” MHKPOy'aCTKOB. 

OnucanHblii onTHYecKHH tbeHOMeH HaxoOqHT ceGe OOBSCHEHHE B TOM, ¥TO npu 
PaBeHCTBE NOKasaTeTeli CBETONPeIOMICHHA HMMePCHOHHOH Cpeqbl H MpoTo- 
MW1a3Mbl AKHBOH K/I€TKH MOCIe€HAA MPH PaCCMaTPHBaHHH B AHONTPadbHOM MHK- 
pockone, MpeACTaBJIAOWeM COOO! BbICOKOYYBCTBHTCAbHEI MHKpOpeppaKTo- 
MeTp, onTHyeckH Hcyesaer. Ilpy sToM K1eTOUHaA CTeHKa, NOKa3aTeib CcBeTompe- 
JIOMACHHA KOTOPOH SHAYHTEIbHO Bb? i€ COOTBETCTBYIOWHX MOKa3aTeseli HMMep- 
CHOHHOH CpeIbl H MpOTONIa3Mbl, YeTKO BHAHA B BHE CBeTOrO TOHKOFO OOOAKa 
(orpuliatebHbi dasoBbiii KoHTpact). Uro xe KacaeTea MePTBBIX K/I€TOK, TO 
fo cee NOKa3aTeid CBeTOMPeOMIeHHA, Bb 

KOary1AWHeH KOIAOHJOB MpoTomsa3Mbl, BbIAB- 

AAIOTCA B BHC CBETAULHXCA Tel. 

caren craton fe Gon pests oes cee ee a a 

CHOHHOM Cpeqn HHDKe cence a agree oe ‘amen ete eee 

odes a ee XOrO TaB.eHHA CaMHX KTeTOK. B 3Tom cayyae 

1€ MOKa3aTe1ad CBETOMPCIOMACHHA XKHBBIX K€TOK 


a : & 
Me a HeKOTOporo HX HaOyxaHusa. Tlokasarenb cBeToNpeiOMAeHHA MePTBBIX 
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= uaa He MeHACTCH. YBenuunBatouleeca BeeacrBue 3TOro pa3inuve 
y aTeTAMH CBETONPCOMICHHA YKHBbIX HM MEPTBBIX KeTOK esaet 

HX ONTHYECKyIO Audppepenumaltnio ocobeHHO ueTKoll. 

ed Croab P€SKHE H3MCHCHHA ONTHYECKHX CBOMCTB KIeETKH Tocne IIpek palleHus 

‘B_HCH 2KU3HEHHDIX IPOleccoB OOyC1OBAeHEI, B NepBy!0 Ovepesb, HeEOOpaTHMBIMU 


Puc. 1. @a—cyTouHad KysbTypa Ha arape B. pestis Ev-76; 6 — 48-uacopaa 

KyJIbTypa Ha arape B. Dysent. Flex. 170; @ — mukpokosouua S. typhi 1184 wa 

*KelaTHHe; 2 — cyTowHad OyboHHad KyJibTypa B. Dysent. Sonne 5063. Buyuel 
2KHBbIC H MePTBbIe KJIeTKH 


HapylICHHAMH MOJICKYJAPHbIX MapaMeTPOB OeKOBHIX YaCTHU, HaCTyMaloulHMn 
B Pe3yJIbTaTe Je30pranH3allHH XBL MPOTOMIa3sMbl. 

Tipocrota BbIABJICHHA HM KOJMYCCTBEHHOM OMeHKH OMMCaHHOrO (peHOMeHa OT- 
KPbIBa€T HOBbIC BO3MOXKHOCTH MPH H3YYeCHHN PAa TeOpeTHyeCKUX H MpaKTHyeC- 
KAX BOMPOCOB WHTOJOFHM MHKPOOHOH KJeTKH (OakTepHodaruu, anaOuo3a, mpo- 
HHIACMOCTH KJICTOUHOM CTeCHKH, PeaKWHH KJIETKH Ha Pa3JIMUHble NOBpexTaroulne 
areHTbI WH ip.). OnucaHHblli PeHOMeH MO2KeT OBITb TakxKe HCMOb30BaH MWA 
)a3paOOTKH MepClieKTHBHOFO MpakTHYeCKOTO MeTOLa OMpPeAeeHHA YHCIa YKUMBbIX 


{MePTBbIX KIeTOK OakTepHi. 


TocyapcTBeHHbiii KOHTPOJIbHbI = HHCTHTYT Tocrynuao 
MCJHILMHCKHX OHMOJOrMyeCKHX MpellapaToB 5 X 1958 
um. JI. A. Tapacepaya 
UUTHPOBAHHAA JIHMTEPATYPA 

1R. Barer, F. A. K. Ross, J. Physiol., 118, 38 (1952). *R. Barer, S. Jo- 
ep h, Quart. J. Micr. Sci., 96, P. 1—27 (1955). 3 R. Muller, Mikroskopie, 11, H. 1/2, 
6 (1956). 4H. M.MenaHxoAHH, Tp. Mu-ta kpuctanmorp. AH CCCP, 38.5 137 
1949). *§ 6B. HW. Pyxasuos, JAH, 115, Ne 6, 1200 (1957). 


Jloxnann AkaweMun Hayk CCCP 
1959. Tom 124, Ne 5 


BHO®HSHKA 


Jl. A. BIIOMEH®EJIbA, A. 9. KAJIMAHCOH, WOH M9M-ronp 


OB OCOBEHHOCTAX IJIEKTPOHHOH CTPYKTYPbI HYKJIEMHOBbIX 
KHMCJIOT H WX KOMIJIEKCOB C BEJIKAMH 


(IIpedcmaeaeno axademuxom H. H. Cemenosorm 28 | 1959) 


B Hallux Mpesbiqyutux paOoraxX MbI HCCeLOBaM CIeKTpbl S€KTPOHHOrO 
NapaMarHuTHoro pesonaHca (OIIP) HeclapeHHbIxX SJICKTPOHOB, MOABJIAIOUINXCA 
B OnMOJOrMueCKHX OObEKTAX BO BPe€MA MIpOoTeKaHHA (PepMCHTATHBHbIX peakUnh 
MB pesyibTate y-oOmy4eHna (+>). B Hactosmer paOoTe MbI NposOKHIM Halln 
uccyleOBaHHA Ha HOBOM Kslacce OnosorMyecKuxX oOObeKToB. Cnextpbl OIIP 
U3MepAJIMCb Ha paMocnexTpoMetpe Cc fBOMHOM MarHHTHOM MOsyJAWMeH, C 
y3KONOJIOCHBIM yCHIeHHeM Ha YacToTe 975 KI, H CHHXPOHHbIM J€TCKTOPOM. 
[loctosHHoe MarHHuTHoe Mose Moro AMHeEHHO MeHATECA OT O Zo 6000 rayccos. 
Kanu6poBky Moa OCyilecTRIAIH C MOMOULbIO MpOTOHHOrO AaTunKa. UyscrBu- 
T@JIbHOCTh MpHOopa coctTaBinna ~ 5-10°% M no yndexuinukpusrnspasnay. 

Uccnenya cnextppt SIIP nexotopbix mpenapatosp puOonyKeuHoBoh (PHK) 
uw lesoKcupHOouyksenHoBoH (THK) Kucutor, Mbl oOOHapyxXHIn NoABIeHHe JIMHHH 
SMP secbMa OobuIOH WMpHHbl HM MHTerpaIbHOH MHTeHCHBHOCTH. B cayyuae 
uuctoh JLHK ua6stogaiotca MHuH NosyuWupHuHoH ~ 1000 rayccoB ¢c g-ak- 
TOPOM WeHTpa CHIHaJla, CMeLCHHbIM B CTOPOHY OOJIbWwIMX 3HavYeHHH OT g-dak- 
Topa cBoOoqHOro dJeKTpoHa. MHTeHCHBHOCTb CHIHaia MeHHeTCA OT OOpas3ila 
K oOpasny. HanOonee wHTeHCHBHBIM CHTrHal Mbl HaOJIOLaIn y aHriuicKoro 
npenapara JLHK. IInoxne qenomumepu3oBaHHble mMpenapater JLHK ue gasasn 
curHasa. M3 umesuinxca B HallleM pacnops»%KeHuu Mpenapatos PHK TosmpKo 
oquH ("penapat dupmp Ulpapu) oO6Hapy2xuBall 3TO ABJIeHHe. 

TIpoxxespas PHK (pbupma Mepx) He JaBasia wWupokolt muHuM SIIP. OnHaKo 
kommiekcbl sto PHK c cpipopoTouHbiM aibOyMuHoM (CA) n aHUHBIM asbOy- 
MuHoM (1A), Mony4eHHble B CTPoro OMpeeIeHHBIX YCIOBUAX, aH UpesBbI- 
YaHHO MHTCHCHBHEIe, Wupokne JHHUuN SIIP. YenoBpua nomyyenusd KOMMIeKCOB 
Obl CeRyIOULHMH. 

Komnuexc PHK + CA roropuau cmewmpannem 21 ma 1% pacrBopa cBIBo- 
poTouHoro abOyMuna, 45 ma 0,2% pacrsopa PHK u 12,6 ma xv-auletaTHoro 
6ydepa (pH 4,0), cozepxxamero 5,6% NaCl. Komnuexe PHK + AA Nowyyan. 
cmMeluMBaHHeM 24 Ma 1% pacrBopa anu4uHoro ambOymuna, 45 ma 0,2% pacTBopa 
PHK u 13,1 ma toro xe Oydepa. PacrBop BbIJepxKuBaIH B XOuOMbHUKe 
B TeveHHe HOUH, BbIMaBIUMH OCaloK (OObltHO MeHbIUe 5% oT HCxXO,HOFO BelLe- 
CTBa) WeHTpucpyrHpoBaM HM MPOMBIBasIH HECKONbKO pa3 COOTBETCTBeEHHO pas- 
OaBulCHHbIM OydepHbIM PacTBOpoM, 3aTeM ANaIM3HpOBaIM TpOTHB JHCTHWIn- 
POBaHHOM BObl WO MOHOTO ylaleHus HeopranHnMyeckux coseli. Tlocne 9Toro 
apelapaT HouIbHO BbICyWMBalu. O6a sTH Npenapata alu OveHb UHTeH- 
CuBHble JMHuH SIP, auddepenuuanbupe u MHTerpasbHbIe (POpMbI KOTOPbIX 
NoKasaHbl Ha pwc. | nu 2. Konteutpattun necnapeHHplx 3JIEKTPOHOB B 93THX 
ipellapataxX paBubl ox LOTT YacTHI Ha rpaMM, T. e. Jub B 10 pas MeHbule, 
ae Re adgere cE Mutepecno, uTo ropa3qo Oonmbulee KouM4eCTBO 
Greninan ) atarolnee B ocallok HM OcTatiolleecA B pacTBope, Nocie 
He ae He JaeT curHata SLIP. OOpamaer Ha ceOs BHuMaHUMe Haluue 

HYJI€BOM Towle B Npenapare PHK + CA. Ananornunpie acum- 


fay 
a ala Juuuu OIIP, wnorqa taxxe c normoujenuem B HYyJI€BOM Mowe, 
OOHaPYyKCHbI HAMM M B [pyrux Mpenapatax. 
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HesHayunteibuble w3MeHenusa ycuopnii MIPHFOTOBJICHHA KOMIWJICKCOB (H3Me- 
HeHue pH, coorsomenna Mexgy PHK y OeKOM) TIpuHBOAAT HOO K uCcuesHOBe- 
HuIO addekTa, HOO K AMHHAM pe3KO OTAMUHBIM MO HHTeHCHBHOCTH cbopme. 
OyHako yxKe MoyyeHHBIe KOMIMIeKCHI HeoObi4ahHo CTaOwJIbHbI. Tak, HallpuMep,,. 


Qa 


6. 
$60. eC x 
O 000 2000 3000 4000 5000 bb0D eC 


Puc. 1. Cnextp SIIP’ npenapatra PHK+CA. v=9980 Mru. 
a — NepBad MpoOv3sBoAHaA KpHBOM Morsomenna, 6 — HHTerpadIbHaa dopma 
KPHBOH NorJioujeHHa 


KHMMAYEHHE PaCTBOPeHHOTO B BOE KOMMVIeKca B TeyYeHue 5 — 10 MuH. He Npu- 
BOAHT K 3aMe€THbIM H3MCHCHHAM (POPMbI, HHTCHCHBHOCTH H MOOXKeHHA JIMHHE 
OTP. 

HeoOpiuaiHo wHTepecHo" BIMAHHe H3MeCHCHUA TeMMepaTypbl Ha HaOwojae- 
ble CeKTpbl. KomwuecTBo MapaMarHuTHbIX UACTHIL MpakTHYeCKH He MeHAeTCH 


Sy 


tL 
Fables 9 700 2000 3000 4000 5000 2 


Puc. 2. Cnextp 9FIP npenapata PHK+51A. v=9980 Mru. 
au 6—To xe, 4TO Ha pHC. 1 


B UHTepBale TeMMepaTyp oT KOMHaTHO! jo ~ 80 — 100° K. IIpu stom 
TeMMepaType WHTCHCHBHOCTbh MorsouleHuA CKa¥KOOOpasHO MaflaeT NO HywA. 
STO CBUIETEMbCTBYeT O TOM, YTO B aHHOM Cyly¥ae HaOJiOJaeTcA Mepexoy TuNa 
MpeppallleHuH B aHTHdeppoMarHeTHKaX B TOUKE Kropu. Ha6mogaemple uHun 
STIP pecbMa moxoxKu Ha CMeKTpbI aHTHeppoMarHuTHOrO pesoHaHca aHTudep- 
PpOMarHHTHBIX MaTepnasioB. OTMeyeHHoe BBILIe MOMIOUWeHHe B HyJIeBOM Mar- 
HHTHOM Moule CBHeTeIbCTByeT O HaJIMYMH CHJIbHbIX BHYTPHMOVJICKYJIAPHbIX 
Mouleli HW aHM3O0TPOMNH, MpMBOMALWHX K CHATHIO MpOCTPaHCTBeHHOTO BbIpowKe- 
HUA WM 3CCMAHOBCKOMY pacillemleHni0 Oe3 BHEeIIHerO NOs. 

Ananoryunple wiunuu SIIP Opin oOHapy2KeHbl B HaTHBHBIX JiModpuJIM30BaH~ 
HBIX TKAHAX, COMep2KallluxX Coble KOJHYCCTBA HYKJICONPOTCHOB (eHKOUH- 
fapHad Macca Cc OovsIbuIMM CofepxaHHeM MOVOABIX (popM KsIeTOK, KOpa royoB- 
4OrO MO3Ia, KOPa MO32KeYKa, MOAKOPKOBbIe Cepble y3ubl cyOcTaHiHa Hurpa). 
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AOcomtoTHad HHTCHCHBHOCTh MorioujeHHA Oblla B 9TOM CJly4ae MCHbUIe, HO 
ripw mepecuete Ha Cofepxkanue HykKJeompoTenjos — OAHOro NOpAaKa C TOM,, 
KoTopad HaOsOJalacb B HCKYCCTBCHHbIX KOMINICKCAaX. 

TakuM oOpa30M, MpHBeseHHbIe JanHble MoKa3bIBaloT, UTO B HaTHBHbIX Hy- 
KJI@HHOBbIX KHCAOTaX H OCOOCHHO B MX KOMMsIeKCax C OeKaMM TIP OObIUHBIX 
TeMMepaTypaX WMeIOTCA OFPOMHBIe KOMMYCCTBA CHJIbHO B3aHMOJCHCTBYIONINX 
M@KLY COOOIO HECHapeHHEIX 3JIEKTPOHOB, KOJIMYCCTBO KOTOPBIX JIMINb H€HAaMHOTO 
yeTynaeT cofep2kaHuio CBOOOJHBIX 93JICEKTPOHOB B MeTaJlaXx. 3To SNEKTPOH- 
Hoe OOJaKO JOJXKHO COOOWLaTb TaKMM CTPyKTypaM COBePLICHHO HOBbIe CBOH- 
crpa. CaleqyeT MOMHUTb, 4TO BCe aHaslorMu C MeTaJWiaMu, (eppoMarHeTukaMH 
HM aHTueppoMarHeTHKaMH B aHHOM CJly4ae HECKOJIbKO YCJIOBHBI, TaK KaK Peub 
uleT 06 addbekTe, JOKaIu430BaHHOM BHYTPH KaxKJOH OTACIbHOH MaKPOMOJIe- 
kyabt. Ilo cbopmMe auHuu OLIP HattomMuunaloT CNeKTpbI 3IEKTPOHOB MpOBOAMMOCTH 
B MeTaJluIax, HO, OU€BUHO, B Halliem culyuae HeT ypoBHA PepMu HM B HaMarHu- 
UMBaHMM MpPWHHMaloT yyacTue BCe HecHapeHHble aeKTpoubl. Ilo-BuyuMomy, 
peub ule O CeBepleHHO HOBOM sABeHuH. Bauly oTcyTcTBUA aHalorMi mpey- 
CKa3aTb (pu3nueckHe HW XHMMYeCKHe CBOMCTBa MOMOOHbIX CHCTeM a priori He 
NIpeMCTaBAeTCH BOSMOXKHBIM. CaM (bakT MOABJCHHA OFPOMHOFO OOMaka Hecra- 
PCHHbIX 3JICKTPOHOB B TOJIMMepHbIX MOJIeKy/aX, COepxkalluX B OCHOBHOM 
TObKO aToMb! C, N, O,H u P, upesspryaino yquBureteH uw NoKa He Nosmaercx 
oOpacHeHnto. Mp yOexKeHbI, YTO OOHapy2KeHHOe HaMH ABJIeCHHe HrpaeT Cylle- 
CTBCHHYIO pOJlb B Mpusanuu OnomormuecKHM CTpyKTypaM MX clemnpuyeckux 
CBOHCTB (HallpaBJICHHbIM CHHTe3, Nepewqada HaCJIeACTBCHHbIX MPpH3HaAKOB, CHHTEe3 
UMMYHOcnelM(pvyeckuxX OeKOB, NaMATb). B cBa3H C BbILMeCKasaHHbIM Hede- 
3bIHTepeCHO BCIIOMHUTb BJIMAHME MOCTOAHHOPO M@rHHTHOTO MOA Ha POcT XKu- 
BbIX OPfaHH3MOB UM JICHKOMMTOB, OTMeYeHHOe B padotax Bapuotu u Jp. (°,%). 

B 3aKsOUeHHe ABTOPbI BbIPavKaloT OarowapHocTb akaw. H. H. Cemenosy 
uv wi.-Kopp. AH CCCP B. B. Boepogckomy 3a BecbMa MomesHoe OOcyxKeHHe 
pe3yJIbTaTOB, H3JIOXKCHHbIX B HaCTOAMLeH cTaTbe. 


Jla6opaTopus aHH380TpomHBIX cTpykKTyp Tloctynuno 
Axajemuu Hayk CCCP 27 1 1959 
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BHOXHMHA 


E. BYXOBH4Y uw usen-xoppecnongent AH CCCP A. H. BEJIOZEPCKHM 


HEKOTOPbBIE JAHHbIE O MEXAHH3ME CHHTE3A 
M HCHOJIbBSOBAHUA NOJIMSOCHATOB B JIPO)K)KAX 


B npefpiayummx paOorax Obi nowyuenbr annie (>), CBHJe€TeJI bCTBYI0- 
WHE O TOM, YTO CHHTC3 KUCJOTOPaCTBOPHMbIX H KHCJOTOHeEpaCTBOPHMbIX MOJIH- 
ocaToB B HeEKOTOpbIX MUKpOOpraHu3max mpelcraBsaeT coboli equnorit npo- 
wecc, B xOfe KOTOPOrO U3 OpToipocibata OOpasyioTcA BHaYae KUCOTOHEpac- 
TBOPHMbIe NONMPocarThl, a 3aTeM W3 MOCMeAHUX BOSHUKalOT NomudocdatEl KuC- 
AOTOpacTBOpHMON PpakiMu. Oru xe Janne (*,4) moKa3zaM, YTO NpoMexyTou- 
HbIM 3BeCHOM CHHTe€3a KHCJIOTOHEpacTBOpHMBIX NMoMochatoB u3 opTodocdata 
ABIAIOTCA KAKHE-TO KHCMOTOCTAOMJIbHbIe COeAMHeEHUA (poctopa KHCMOTOpACcTBO- 
pumol dppakuun. CuHTes nocmeqyHX BO3MOxXeH B MIpucyrcrBuH 2,4-quHUTpO- 
penona (TH®), korfa noHocTbIO TOPMO3HTCA Kak CHHTe3 CaMUX TOMocdarTos, 
Tak HM BCeX Apyrux dociopHbix coequHeHHH Apowxen. Hamu Onin Takxe 
chenanbl Hadsogenua {°) O BO3MOXKHOCTH HCNOMb3OBAHHA PIMKO3HHbIX CBA3E!I 
caxapO3sbl JIA OOpasoBaHHA CTAOWIbHbIX KHCOTOpacTBOpHMbIX opm cocopa 
B pork Kax HemocpeAcTBeHHO H3 OpToocata. 

C webio yriy6sieHuA STHX HCCMeOBAaHHH HaM Ka3aJl0Cb WemecooOpasHbim 
MOMbITATbCA H3YUHTb MeXAHH3M MepexoJa CTAOMJIbHBIX KUCJIOTOPpaCTBOPHMbIX 
bopm ocdopa B nomudocdath. K BbIACHeHHIO HHTepecyrollero Hac BoMmpoca 
Mbl pelIWJIH MOAOMTH ceAyiouuM MyTeM: B npuHcytcTBHH JLH® spectu 6o,tb- 
moe KomMuecTBO P* Bo (bpakMI0 CraOWIbHOrO KHCMOTOpacTBOpHMOroO (ocopa 
{pouoKeli, 3arem ormbiTh JP uw mpociequTb 3a XOJlOM mocwemyroulero pac- 
ipefenenua P*? mexy OTJe@IbHbBIMH (bpakuvAMH (oc*opubix coeqnHeHHH. 
IpeqBapuresbuble ONDITH MOKA3aJIM BO3MOXHOCTh NOMHOTO yAaJeHus H® u3 
[POXKEBLIX KJICTOK MYTeEM MpOMbIBaHHA OOBINHOH NMTATebHOK Cpelon. 

OxonyaTesbHO Hamu Oplla NpHHATA CeNyIoulax MOCTaHOBKa OMbITa. 3aBoy- 
-KHe TleKapCKHe MmpeccoBaHHble ApowKU, Kak HM B MpeAbiAyunx onpirax (*), 
3 MepBYIO OYeEpeb NOABepramuch WuTeIbHOMy occbopHomy romoWaHnro. ITo- 
IVYeHHbDIe TaKMM OO6pa30M ApoOx*RKXKH UCMOMb3OBAIM Kak WCXOJHbIM MaTepHall 
ia OOorameHua cboctbopom mpH BpemeHHom mpucyteTBuu JLH® u P** B cpeze, 
3 CBA3H C 4eEM HX MepeHOCHIM Ha MUMTATe/bHYy!O cpeny, SEG optrodoc- 
baT, MUHepaJIbHble COM, CaxXapO3y, BUTAMHHbI wy u TL B KOHIeHTpalluy 
|- 10-4 M. Uepes 15 mun. B cpexy mpuOasranu P*® (0,5 MCu/s1). Tlocne 1 yaca 
BIPAULHBaHUA B IpHcyTcTBHH pakuoochopa Aporxku oTAelAIH lent pudy- 
MpOBaHHeM, “eTbIPeXKPaTHO MPOMbIBaJIH 6OJIbUIMM OObeEMOM OObIYHOM MHTAa- 
ebHOH Cpelel, coxepxKamel JTH®, u momenjaiu Ha HepauOaKkTMBH y10 HON 
ryi0 MIMTaTebHY1O Cpesy, MO-nperxkHeMy comepmantyio JJH®. B stax ycuoBuax 
[powKH HaxosMauch | uac 15 MAH. (BKJIIOUaH BPeMs, ee I pOMBI- 
Hue). Takum o6pa30M, B OOIeH COXKHOCTH B IPHCyTCTBHH J TWpowoxKu 
Oorallatuch ociopom B TeveHHe 2,5 uac, YTO Maso ape at NOJYYATb 
laTepHaul, Comep»Kallluit P82? mpeuMyllecTBeHHO BO (ppakWMH CTaOHJIbHOTO KUCIO- 
opactBopumoro (pocipopa. He6oubuly!0 YacTb STHX Ay ee 
OCHOBHY10 HX MaCCy OTMbIBaJIH OT AH® cee ae ae ee H MANES 000- 
atlanu poctpo poM Ha Mov1HOHt TIHTAaTes HOH Cpese 6e3 TH® uP”, MOCHELOBATEI BHO 

ia uepe3 5, 10 nu 30 mun. B yKa3aHHble CpoKu 
BIeAA MpOOb! MIA (PUKCH POBAr Pp , es 
14/ 


BKJIOUeCHO H BPeMA, 3aTpayeHHoe Ha WeHTpHdPyrupoBaHHe, HeoOxoyumMoe Mie 


oTeneHusA ApoxwxKel OT cpefbl. B TeyeHue Bcero onsira cpeqy aspHpoBain. 
@uKcupoBaHHe JpoOr*K*Kel Bes C MOMOLL[bIO 95% cnupta. Ilocie @ukcalinia 
{poxK2%KM MHOTOKpaTHO MpOMbIBaJIM CIMPTOM, 3aTeM 3(pHpOM H OKOHYATEJIbHO 
BbICYINMBaIH B BaKYYM-9KCHKaTOpe. . | 
B 3acbHKCHpOBaHHBIX MpoOax AporwKe OMpeAeAIH OTACJPHBIC cbopmpl cpoc- 
(popa H HX YJ@/IbHYIO AKTHBHOCTb ONHCaHHbIMM paHee METOMMYECKMMH MPHe- 
mamu (3) c TOH TOMBKO pasHHWeH, ITO KHCOTOPaCTBOPHMBIe nomHdocdaTpl onpe- 
Jeiamu m0 saOubHOMy occtbopy OapHveBoro ocaka. Kpome Toro, B aHHom 
culyuae BBEIM ONpeseleHHe MaOUsbHOrO tpocdopa AT® metojoM pTyTHOro Ocaxk- 
qenua. PesyabraTet onpeyleneHuil npeycrapienbl B TaOJ. Ls 
Ta6auna 1 
CogepKaHHe pa3siMyHbIX (opm qocdopa HW HX yJeJEHAA aKTHEHOCTb B Apow*Kax, COoremaembix 


(pocibopoM mpH BpemeHHoM npucytceTrauH LH® u P22 B cpefe, HW B pom KaXx, BbIpPallMBaeMbIX 
Ha cpeze 6e3 docdhopa 


KucsmoToHepac- 
KucnoTropacTBopHMbii docdop TEOPHMbIii 
cdocwop 
O6wHk & . . a = 
‘ = y = 
YcuoBuaA onpita hochop; & Sis 28 = E ir 
fe} i) as 5 re) 5 
= Site 5o S 5 ES 
a) ENP eI < a < 
S 35 £9 < o 5 5 
a|o|a|o6]a|oja|o|al6|a|6la|6}al\o 
Poct Ha cpenze e_pocdopom (1) 
Ucxoyubie, O6eHEHHbIe Pocdopom ( j 
APOHOkKH 0,58} — |0,06) — |0,03} — |0,00} — | 1,3) — |0,08) — |0,03} — |0,31) — 
2,5 u.c doch. ¢c LHD 0,90/59,2/0,23/44,5/0,04] 0,0/0,00} — | 1,2] 0.0/0,23] 4185}0,03} 0,0)0,33) 0,3: 
2,5 4. c doch. +5 mun. 6e3 THD |0,98/50,4)0,24]27,7/0,15) 252)0,00) — | 0,2) 185/0,15} 0,0)0,05) 1413]0,24) 1,6. 
2,5 4. c hoch. +10 mun. Ges JH® |1,19/39,0]0,38/42,4/0,07/97,2]0,02/74,2) 1,4] 172/0,22/33,2/0,11] 192)0,37] 7,6. 
2,5 4. c doch.+30 mun. 6e3 DH [1,37/32,2/0,39| 0,010,10/72,1|0,06/86,3| 2,0]85,6|0, 21/214 ,9]0,20) 135|0,36) 7,5: 
PocT Ha cpege 6e3 ocdopa (Il) 
Hcxogupie, oCoraljeHHpie docdho- 
POM poxwKKU 255/26 ,310,23/40,0)0,92/28 ,5)0,90|27,3] 1,7/14,9/0, 48]22, 7/0, 49/26, 9]0,40)27,5 
5 MHH. €e3 docdopa 2,50/26, 4/0, 11/23, 6/0,88)28 ,9/0,88|27,6] 0,4]31,4/0,43]24 , 7/0, 46127,2/0,42130,2° 
{5 MHH. 6e3 dochopa 2,44/26, 7/0,10/32,0]0,85/28 ,0)0,82/28,2] 3,0/32,9/0,42/22,&|0,47/27,€|0, 45/28 9 
30 MHH. 6e3 docdhopa 2,38)27,2/0,10/33 0/0, 72134 ,5/0,65}33,8} 3,5/382,7]0,43/24,410,3 8/0, 50/29, 6. 


IIpuMevanHus. a@—cogepxanne, 6—yenbHai aKTHBHOCTb. CoyepxaHHe  or- 
AeAbHbIX OPM focdopa BEpaxeHoO B NpouenTax Ha cyxoli Eec Ppcwxch (A1®@ B mr-%). 


YqeubHad aKTHBHOCTb OTLEEHBIX (opm ¢ocdopa Bhipaxena B my Cu E82 ya 1CO mr PB cuyyae 
(I) w wa_4 Mr B cayuae (II). 


TlomyueHHble JaHHbIe BHOBb MOKa3aJiH, YTO B npueyreTBnH JLH® Bo3mMoxHo 
noctynuenne P* Bo cbpakuu1o optodocdata u cTa6uIbHOrO KHCJIOTOpacTBOpH- 
moro hocopa, XOTA MOJIHOCTHIO TOPMOSHTCH ero nocTymweHHe BO BCe Apyrue 
bpaxunu cboccopHElx coequHenHit ApoxxKeli. Ceituac xe nocae yaanenua JLH® 
HaOomaeTcA NaeHve yebHOH aKTHBHOCTH cTa6HIbHOrO KHCJIOTOpacTBOpH- 
moro cocipopa AO Hy C OMHOBPeMCHHBIM pe3KHM MOBbITIeHHeM YeJIbHOW aKk- 
THBHOCTH JIaOWJIbHOrO KUCOTOpacTBOpUMoro docdopa. B stor nepHoq Haun- 
HaeT Take BOSpacTaTh yCbHadt aKTHBHOCTh AT® uw KuCMOTOHepacTBOpHMBIX 
nomuocpatos. Ilocnezyroujee nayenue yAenbHOli aKTHBHOCTH NaGMsbHOFO KHC- 
MOTO PaCTBOPHMOTO toctopa ConpoBO*RAaeTcA LabHEHIIMM POCTOM yLebHO! aK- 
THBHOCTH AT® uw Kuc0ToHepacTBopHMbIXx nomu@ochatos. Tlo-Buqumomy, cra- 
OWJIbHbILi KHCOTOPacTBOpUMBIit (bocop, noene ycrpaHenusa Bansanua JIHO, 
te ae B 1aOWJ1 bHbIi KHCJIOTOPaCTBOPHMBIN ocdop (He nomudoctbaTos u He 

T®), Koroppili 3aTem nepefaetcn Ha AT® , HenocpeycrBeHHo oGecneunBaw- 
ULY!O CHHT€3 KHCIOTOHEPaCTBOPHMBIX MOmuociaTos. 
Ciejyer OTMeTHTb, UTO NOJYUYECHHbIC HaMH JaHHbIe JIA 2KHBbIX [POXKKEBbIX 


KaeTOK HaXOMATCH B COTaCHH C HEKOTOPbIMH JIHTepaTypHBIMA JaHHEIMn (82°) 
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Io BOSMOXKHOCTH MepeOpockn <poctpaTHoli rpynnptc ATO wa momM@ocarst vi 
oOpaTHo, NomyyeHHbIMH B OnBITax in vitro. 

_ Ham mpegctapnsetca, uro 3Hauenne MOTMPocpaTow B *KU3SHeLeATeMbHOCTH 
|MMKPOOPraHW3MOB He OrpaHuuMBaercd TONBKO TeM, 4TO B STO dopMe OT- 
K1aMbIBaloTCA MOJIHOWECHHbIE PesepBLI SHeprHH H Gociopa, HO He HCK,IOUeHO, 
|4TO CHHTe3 STUX ChocopHbIX CoeuHeHHI MOXET ObITS PpacCMOTpeH Kak CBoeo6pa3- 
HbIM M€XaHu3M pereHepatuu AJT®, cronb HeoOxogumoli aa DbixaHua. 

_ Bo Bropoi uacr HacTosmeli paOors mpl npeqnpuHamH MONbITKY MOJYYUTb 
,HEKOTOpble AaHHbIe O MeXaHH3Me MCMObsOBaHHA MOMudoctatos. Padotamu 
_MHOrMXx apropos (7, ?, 7, 115) napno Gblia MOKa3aHa BO3MOMKHOCTh HUCNOMb30- 
BaHus MomuocpaToR WA pas/IMYHbIX CMHTeTHYeCKHX mMpoueccos OpraHu3ma, 
OWHaKO Me€XaHH3M UX HCHONb30OBaHHA B STUX Mpoweccax OCTasCA COBeplIeHHO 
HeH3yueHHbIM. J]ia OOHapy2KeHuA BO3MOXHBIX MpPOMexKYTOUHBIX 3TANOB 3TOTO 
 Mpoiecca MbI CTaBMJIM ONBITHI CeLyIOUIMM O6pa30M: ApoxXKU, MOTyYeHHbIe ny- 
Tem 3-4acoporo oGoramenua cboctbopom Ha pamMoaKTUBHOit (nepBpie 10 muH.) 
-H HepafvoakTHBHOW cpeye (OcTasibHOe BpeMA), BbIPALMBaJH B ONTHMAJIbHbIX 
YCMOBUAX poctTa, HO Ha cpefle Oe3 choctbopa, nocmeqoBaTebHO BbI-eIAA MpoObl 
AA PuKCHpoBaHUA noce 5, 15 u 30 mun. pocra. Kak u paHbule, B yKa3aHHble 
CpOKH BKJIIOYCHO H BpeMaA WeHTpu*yrupoBanus. PesybraThi onpesenennli npen- 
‘CTaBJICHbI B Tau. 1. 

Kak BUAHO M3 aHasMTHYeCKUX JaHHbIX, IpeACTaBIeHHBIX B TaGT. 1, opTodoc- 
pat u WaOubHbIA cochpop AT® ucxoguplx u o6oraeHHEIx octbopom ApoaxKehi 
oO1alaik CpaBHHTeIbHO HeEOO/bUIOH yebHOM akTHBHOCTHIO. Ilocae nepenece- 
HHA UX Ha cpesly 6e3 cocdopa HaGmoJaeTcaA HEMEVIEHHbIf POCT yes bHOH AKTUB- 
HocTH AT® Jo ypoBua yeIbHOH akTHBHOCTH NomMdocdatoB. Iror @akT MoxKerT 
yKa3bIBaTb Ha TO, YTO choctbop NomudocdaToB B KUBOH KICTKe MOXKET Hemocpel- 
CTBeCHHO HepeaBaTbCA Ha AJeHHJIOBYIO CHCTeMY C NOCEYIOULUM HCMOMb30BaHHeM 
ANA pasJIMYHbIX CHHTETHYUeCCKHX peakUHH. BMecte c TeM, BHAUMO, HeEIb3A HCKJIIO- 
YMTb HM BO3MOXKHOCTH HEMOCpeACTBEHHOLO Y4acTHA CaMHX MoMMdocPaToB B HEKOTO- 
pbIX CHHTeTHYeCKHX Mpoleccax. B nosb3y STOO MOX*KET CBUACTEbCTBOBATb JO- 
BOJIbHO ObICTPbIH POCT YeIbHOM AKTMBHOCTH OpToocibata, KoTOpad WocTuraet 
YpOBHA yeNbHOM akTHBHOCTH NMomudocPatow yxKe yepes 15 mun. 

Ha OcHOBaHHH 3KCNEPHMeHTAJIbHBIX JaHHbIX, MpeACTaBJICHHbIX B 9TOH paGoTe 
4 OMyOMKOBaHHBIX paHee (11, 1-4, ®), MomxHO ZaTb CeLYIOULy!O MpeANOORHTEIb- 
HytO Cxemy OOMeHa MomHMdocparos: 


Murn6upopanne 
HH®& , ; 
‘Opto- Cra6uspupmi | Jla6nspupii _, KucioToHepactBopn-_, KucoTopacTBopuMblii 
bocaT — KucsoTOpac- > KucsoTo- ATO pili noumpocpar + nonudocat 
TBOpUMBIH P pacTBOpH- NY 
MbIli P Cunte3 PHK n6enka 
MockosckHi rocyapcTBeHHblli YHHBePCHTeT Tloctynumo 
um. M. B. Jlomonocopa 31 X 1958 
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BHOXHMHA 


r. W. CEMEHEHKO 


O MPEAWIECTBEHHHKAX TYPHHOB HY K JIEMHOBbIX KHCJIOT 
Y BbICWUMX PACTEHHH 


([I1pedcmaeaeno axademuxom A. H. Onapunom 14 X 1958) 


Vspecruo, uTO BbICIUHe H HUSIUIMe OPraHH3Mbl, 3a HCKJIIOUCHHEM HCKOTOPbIX 
OakTepul, CHHTE3HPYIOT HYKJICHHOBbIC KHCJIOTbI 3 MPOCTbIX BeMLECTB H HE Tpe- 
OytOT JWIA STOO CHHTE3Aa BBCLCHHA H3BHe OPraHH4YeCKNX KOMMOHEHTOB, BXOJAULAX 
B cocras PHK u HK. 

Ip moMouLH MeueHEIX ATOMOB ycTaHoOBueHO ((*~*) H Ap.), YTO MpemmecTBeHHH- 
KaMH IYPHHOB HYKJICHHOBBIX KHCJIOT B TKAHAX MHOTHX XKUBOTHBIX HM MHKPOOp- 
raHu3MOB MOryT ObITb COs, PiHKOKOWI, (OPMHAT, JIMMOHHOKUCJIbI aMMOHHHK HM 
HeKOTOpble [pyrue BeulecTBa. OHaKO MHOPHe OpraHH3Mbl MOPyT HCIOJIb30BaTb 
WIA CHHTe3a HYKJI€HHOBbIX KHCJIOT 9K30PeHHbI€ MyYPHHbI MH MpeBpalllaTb IK3O- 
reHHbI ae@HHH B TYaHHH HYKJCMHOBbIX KHCJIOT, 2 9K30reHHbIM TyaHHH —B Hy- 
KJICOKHCJIOTHBIM ameHuH. IIpu 3TOM CTeMeHb TaKOrO B3aHMONPeBpalleHHA Y pas- 
JIMUHBIX BHOB HeoqvHakora (°~’). Bce 3TH BOMPOCHI, HMEIOILHe BECbMa BayKHoOe 
3HaueHHe JIA H3YYCHHA MYTH CHHTC3a HYKJICHHOBBIX KHCJIOT HM ero OCOOeHHOCTeH 
JWIA Pa3JIMUHbIX OPfaHH3MOB, MaJIO H3Y4eHbI Y BbICIUIHX pacTeHuit. 

B mpeniaraemow paOote ucceqoBaslocb HaKOMJIeHHe B MpopocTKaXx NMLWJeHH- 
bl H KYKYPY3bl TYPHHOB B 3aBHCHMOCTH OT HCTOUHHKAa a30Ta B MNTAaTeJIbHOM 
cpeye, BKJIOUCHHE ITYPHHOB MHTaTeJIbHOH CpebI B HYKJICHHOBbI€ KHCJIOTHI Mpo- 
POCTKOB MIWeHHUb! Hu BKTOUeHHe C !* PaMKOKOaB IyPHHbI HYKJICHHOBbIX KHCJOT 
MpH WpopacTaHuv VW CO38PpeBaHHH C€MAH MUICHHILbI H OBCA. 

Ja w3syueHus nepporo Bompoca cemeHa sApoBolt nmennubt Haposuan u 
KykKypy3bl XapbKoBcKasn 23 MpopallluBaUCb Ha yBJIaxXHEHHOM MecKe, B TeMHOTe 
npu 20°. 3arem 4-HeBHBIe NpOpocTkKH MMUeHUILbI H 6-2HeEBHbIe KYKYPy3bl OTMe- 
JIAIMCb OT SHAOCMEPMOB H NOMEMLAIHCb B COCYIbI WIA BOLHOH KYJIbTYPbI Ha Nu- 
TaTeIbHbIM PpacTBop Teibpureisa '/, Hopmpl. [Ip 3TOM B OTAebHBIX BapMaHTax 
onpita Ca(NO;), B pacrBope Temppurea 3aMeHsJICA SKBHMOJIAPHBIM KOuIHUe- 
CTBOM APyrux (POpM as0Ta, a COOTBETCTBYIOMLEE KOJIMYECTBO KaJIbILMA BHOCHJIOCb 
B MHTaTeIbHYIO Cpely B Popme CaCl,. B nutrarenbHoit cpeyxe onbita, re HCTOUHH- 
KOM a30Ta ObWI KHCIOTHBI ruq_pomusat PHK (06 ycnopusax ruyposusa CcKa3aHo 
HWKe), YPaBHHBaOCh TaK2Ke CoxeprxaHne (pocibopa. Bo Bce cocyzb BHOCHIACb 
ruok03a H3 pacueta | Pr Ha HTP NuTaTebHOrO pacTBopa. OnbiT npoBosHacsA B 
OTCyTCTBHe cBeTa mpu 22°. 

IIpoxomkutenbHocTh onbira 4 cyTOK, NHTATeMbHbIe PacTBOpbI B cocyax Me- 
HAIUCh Yepes Kar ble 24 vaca. KOHTposeM Cuy2KHM MpOpocTKH, KOTOPbIe Bbr 
Pal\HBaIMCb Ha AHCTHJJIMPOBaHHOH Boe C 9HTOcHepMamu. B jeHb nocTaHOBKH 
OMbiTa Oba B3AITa HCXOLHAA 1po6a MpopocrKoB JA ONpeeeHHA COMepxKaHHsA 
NypHHos. Ilo okonYaHUM OMbITa TpopoecTKH TULaTebHO MIPOMBIBaJIHCb BOOM, 
be Ui: POpAUHM cIMpTOM WM BbICYIUMBaluch mpu 70° Ro nocTrosHHOrO 

YXOM MaTepuale MpOpocrkoB oMpesenANOCh CoMep»xKaHHe a30Ta NypH- 
HOB MO MeToxy, onucaHHOMy A.H. Benosepexum u H. VU. IIpockypaKospm (8). 


Va ee Take ComepxaHHe oOOulero a30Ta MH CyxOH Bec TI POPOCTKOB. 
CSyIbTaTbl aHaJIH3a TIPHBeeHbI B Tab. 1. 
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JIA AaACb palMOaKTHBHOCTh ny 


MeaiO nm vittecuee! 


Conepxanue NyYpHHOB B IpopocTKax MMeHHUb YH KYKYypy3bl B 3aBHCHMOC!H 
ot PopMasoTa nMHTaTebHOit Cpe ab 


Ilmenuna Kykypy3a 
a3orT ooulyii 
@opma aso 38 [= 
Gate Lenpear eee ace Bec | pai at CVX. Bec Saor a 
npo- 400 npo- ae 
POCTKOB, T Mr Ha 100 npo- POCTKOB, T jena 
pOcTKOB 
Ca (NOs): 0,561 DB) 32,58 3,685 13,41 
NH,Cl 0,532 258 1|.°34.65 a = 
lnukoKou 0,594 6,09 33,60 Boe HO 
AjeHuu 0,598 3,10 30,92 D5 Nghe 12,04 
KYCJIOTHDIN ruApomMsaT 
GIR 0,593 464 30,85 3,709 15,26 
IIpopocrKH c 9H0cnepma- 
MH (KOHTPOJIb) Veil gdh, 622 46 ,C9 5) oh 26,08 
Mcxoquaa mpo6a | 0,469 208 20), 1A 3,107 12,40 


HanOouee BbicoKoe comep2xKaHne MyPHHOB OOHapy2KeHO B MNpopocrkax MUIeHH- 
bl H KYKYPY3bl, B KOTOPbIX He ObIIM OTAeeHbI 9HAOcHepMbI. M3 uncaa ucnbiran- 
HbIX A30THBIX COEMHEHHH B MMTATeIbHOL Cpeye JIYYWIMM HCTOUHHKOM JIA CHHTeE3a 
MYPHHOB B NpopoecTkKax MWeHHILbI H KYKYPY3bl, B KOTOPHIX ObWIM OTeMeCHbI 9HAO- 
CHEPMbI, OKA3aJICH TIHKOKOJ. SHAYHTEbHO YBEJINUHBAJIOCh KOJIHUECTBO IY PHUHOB 
110 CPaBHEHH!O C HCXOAHOH NpoOoH BNpopocTKax Ha NMTATebHOH Cpeme c ruApo- 
u3aTomM PHK. CreqopatebHo, MpOpocTKH MIMeHHILbI HM KYKypy3bl Moriouan 
43 MMTATeJIbHOU cpexbl nypuHb! PHK. 

IIpenapar awenuua Moroujaica u3 MHTATebHOM Cpewbl B HalHX OMbITax 
MpOpocTKaMH MIMeHHIbI MH HE MOPIOWLaICA TpoOpocTKaMH KYyKYPpy3bl. 

Jia W3YYCHHA BO3MOXKHOCTH BKJIOUCHHA MYPHHOB, MOPIOULCHHbIX H3 MHTAa- 
T@JIbHOH CPebI, B HYKJICHHOBbIC KHCJIOTLI NPOPOCTKOB MMWeCHHIbI MbI HCIOJIb30- 
BaJIM B Ka¥veCTBe HCTOUHHKA IYPHHOB KHCJIOTHbIM ruqpomusatT PHK, meyeruoii 
eee: 

HykseuHopylo KHCOTY BbILeIAIN U3 Lpouxeli (*), KOTOpbIe BbIPALLHBaJINCb 
Ha cpeye enHeGepra, coyep2xalyel MIMKOKOJI, MCYCHHBIL C™ no Kkap6oKkcnbHO!K 
rpynne 300 mCu/n. Boizenennaa PHK cogepxana 9,39% cbocpopa u 9,80%% 
a30Ta. PagwoakTuBHocTb 5 mr ee cyxoro mopouka Ha cyeTuuke THNa MCT-17 
coctaBasa 160 umn/may. Hapecxa 150 mr pannoaxkTuBHoh PHK rugpomn3osa- 
jacb 85% MypaBbuHo KucnOTOH 2 Yava B 3aNaAHHBIX aMIlyJlaX B aBTOKJIaBe 
mpuH 120°. 

Tyipousar BbinapuBasicd Np NOHW2KCHHOM AaBJIeHHH WOCyxa, OCTaTOK pac- 
Taopsvica B | ma 0,5 N HCl u Buocuica B COCyABI AIA BONHOH KyJIbTyPbI C pac- 
tBopom Tenppurema !/, HopMbil. O6bem cocyjoB 0,5 1. B at cocyAb! BbICaKH - 
BaJIUCb UETLIPEXHEBHBIC MPOPOCTKH MWEHHLbI C JHLOcepMaMH H Oe3 SHLOCIep- 
MOB HM BbIpallMBasucb B TeyeHHe 3 cyTOK Ha cBeTy. Ilo oKOHYaHHMH ONbITa Mpopc- 
CTKH TU[aTeJIbHO MPOMbIBaIHCb BOOM, PHKCHPOBAaJIMCb TOPAYHM CMHPTOM H Bb!- 
CylUMBasuch JO nocTosHHOrO Beca Mpu 70°. Cyxoe BellecTBO MpopoctKOB OblW10 
paj\MOaKTHBHbIM. 

Ja OOHapyxXeHHA BKJNOUeHNA MyPHHOB THApOHsaTa PHK B HyKJenHoBble 
KHCJIOTbI IPOPOCTKOB, CyXO€ BEILECTBO MPOPOcTKOB 3 pasa 9KCTparHMpoBaJoch 
5% TpHxXJOpyKCyCHOH KHCJIOTON Ha JIbAy WIA yHaleHuA CBOOOJHBIX IlyPHHOB H 
KHCJIOTOPaCTBOPHMbIX HYKJCO3HLOB H HYKJICOTHAOB (7), TIpOMbIBaJIOCcb cnupToM, 
9(PHPOM H BbICYLIMBaIOCb pH KOMHATHOH TeMMepatyPpe. SaTeM THAPOMH30Ba0Cb 
2 uaca cmecpio 1 N HCl u 10 N mypaspunol Kucsorpl. Ilypuup us rugpo- 


su3ata OCaKaHCh 3aKHCbIO Me{M 10 MeToxy, onucaHHomy A. H. Benosepcxum 


(8). B wapecke Cyxoro MOpOlika 3aKHCH MejIM Ompee- 


7 to! AKOBbIM 
hed Me ay eeeany puHop Ha cyeTunke Tuna MCT-17, 


115! 


a B IlyPHHOBbIX BelULeCTBax HYKJICHHOBBbIX 


‘KHCJIOT IIPOPOCTKOB, KOTOPbIe BbIPall|MBa/IHCb 6e3 9HROcHepMoB Ha iutatee 
pacTBope B MIpHcyTCTBMH THApOM3aTa paquoaxTuBHoit PHK, Opima oOnapy2KeHa 
ena6aa paguoakTuBuocts: 112 umn/MMH Ha 1 r cyxoro BelilecTBa NpH pawuoak- 
rupHoctu | r cyxoro BelecTBa MpOpOCTKOB 700 umn/MuH. B nypHHax HykJen- 
HOBbIX KHCJIOT MpopocrKoB, KOTOpbIe BbIPa\MBaHCb Ha TOM 2 MMTATC/IBHOM 
pacTBope C SHOCNepMaMu, PaMHOaKTMBHOCTb He Guia o6Hapyena. 

B mocmenyioulux OMbITax H3y4alOCb BKJIOYeHHE C}!4 rruKOKOJIa B IyPHHbI Hy- 
KJICHHOBbIX KMCJIOT MpOpOCcTKOB MMWeHHIbI MH CO3PpeBalOUlMX CEMAH MUICHHILE! y 
opca. UerbipexHeBHbIe MPOPOCTKH MWIeHHIUbI C IHOCIEPMAMH Hi 6e3 SHAOCTIepMOB 
OMeaIHCb B COCYAbI Aid BOMHOM KyJIbTyPbI Ha pacTBOpe Tem pure fa 
HOpMbI. B cocy({bl BHOCHJICH MC4eHHBIH Cl4 no KapOoKcHJIbHOM rpymne riuKo- 


Kom u3 pacueta 100 mCu/n. Onpir npoBogusica Ha CBeTY. IIpo6nt quia anaiusa 
; Opanucb uepe3 24 nu 72 uaca nocae 


BHeCeHUA TiHKOKONa. DuKkcallua u 

Bxmouenne Cl rankoKovla B NYpHHbl oOpaOorka MaTepHasia, rHApoHs ero 
Hy KJICHHOBbIX KUCJIOT TIpOpocTKOB nWweHHUbl, Zt ocamwk]eHHe NY PHHOB H3 ruApoJH - 
BHIPAUIMBAeMBIX Ha PalHOAKTMHBHOM PacTBOPe gata 3aKHCbIG Me, a TaKXKe W3Me- 

(8 umn/mun Ha 1 Tr cyxoro BemlecTBa)4 peHue pasMOaKTHBHOCTH . IypHHOB 
IpOBOMHOCb, KaK OMMCaHO  BBILLE. 
PesyJIbTaTbI MpHBeeHbI B TaOWI. 2. 


B pesyJIbTaTe NpuBeeCHHOrO OIIbIT 


Ta6muna 2 


24 uaca} 72 4aca 

| Jjauupie TaO. 2 CBHCTEIbCTBYIOT 

| | 06 HHTCHCHBHOM BK lO"eHH Cl run- 
Upopoctku ¢ SH2ocnepmaMu 208 | 752 KOKONIa B MlyPHHbI HYKJICHHOBbIX KH- 
IIpopocrku 6e3 9HAOCMepMoB | 1670 | 4720 cilOT MIpopocTKoB, KOTOpbIe BbIPaliIH- 


BaJIMCb Ha NMHTATeIbHOM PalHOaKTHB- 
HOM pacTBope 6e3 9HocNepMoB. CileqoBaTeJIbHO, MpH NpopacTaHHu CeMAH 
MMWeHHIUbI MpOpOcTKH MOFryT HCMOMb30BaTb TVIMKOKOJ B KayecTBe Mpesuie- 
CTBCHHHKa B CHHTe€3€ NYPHHOB HYKJICMHOBBIX KHCJIOT. 

CpaBHuTeibHO ciaOad palWOaKTHBHOCTb MYPpHHOB 43 MPpOpocrKos, 
KOTOPbI€ BbIPaulHBaJIHCb Ha TOM X%K€ MHTATeJIbHOM pacTBOpe C SHOcMepMaMH, 
OObACHACTCA, OYCBHAHO, TEM, UTO OHH MOIJIM HCNOMb30BaTb JIA CHHTeE3a MypH- 
HOB TIMKOKOJI 3allaCHbIX OesIKOB 9HOcMepMa. 

J\1a pa3feeHus My pHHOB Ob HCNO/Ib30BaH MeTOR XpoMaTorpaduu Ha *PuVIb- 
TpOBasIbHOH Oymare. M13 MosOAbIX PalWOaKTHBHbIX MpOpoOcTKOB Oblla BbILeeHa 
PHK (°). Baijenenuan PHK rugpomnsopanacb KOHWeCHTPHPOBaHHOH MypaBbHHOH 
KHMCAOTOH MyTeM aBTOKJaBupoBaHHa mpu 120° B sanaaHHbIX mpoOupKax 
2 yaca. 

TwApouusaT yapuBasica Np MOHMKEHHOM J\aBseHHH JOCyXa, a OCTATOK pa- 
‘cTBopaicad B 1 ma 1 N HCI. [Ipocpuaprposanupiit pactsop ynorpeOssica WA 
pasfeuleHHA MyPHHOB NyTeM XpoMaTorpadun Ha (:buJIbTpOBatbHO Oymare. [o- 
‘Cle HCMbITAHHA Psa PaCTBOPHTeeli YIWIMM H3 HUX JIA BOCXOAAME XPOMaTO- 
rpaMMbl B HalIMX OMbITAaX OKa3alaCb CMECb, COCTOAULad H3 H30aMHJIOBOrO CIHp- 
Ta, STHIOBOrO CiupTa HM BOAHOrO pacTBopa 0,05 N NaOH Bs coornHomeHnuu 
4:5:1(°,*°). B xauectBe «cBuyerenel» OBI HCNOb30BaHbI UUCTHIC lipenapartbl 
aleHua u ryanuna. Jia onpeqeienns mooxKeHuA TypHHOB Ha XpOMaTOrpaMMe 
HCHObSOBaIH MeTO, Bumepa u Uapracca (1), 

BbiaBeHHble Ha XPOMaTOrpaMMe IIATHA aeHHHa H ryaHHHa BbIPesaIHCb, H 
Ha cueTunke TuNa MCT-17 onpegensaach ux paquoakTuBHoctb. Oba nypH- 
i Obl PaqvoakTHBHbIMH. PayoaKTMBHOCTh MATHAa ajleHuHa cocTaBAsasa 
elton Sa ie cBepx (bona (ou 16 umn/Mun), uTo mpH 
es WL€CTBA COOTBETCTBEHHO COCTaBIAeT WIA alleHHHa 

MH, Wid TyaHuna 1050 umn/mun. 
en meter so ruyponusa PHK KonnextpupoBaHHol 
oaiillaine eek es ae 2KaIMCb HW MHPHMHHHOBbIe OCHOBaHHA 
an Toaictan coe Ha XPOMaTOrpaMMe H ObWIM payMoakTHBHBI. Ox- 
Kakue Obuin TapaNenaree Sion aMe, He EDO ae 
PaMMe, He peycTaBsIAeTCA BO3MOXKHBIM. 


TlocraHopka onbita 10 BbISCHeHHIO BO3MOXKHOCTH BKJIHOUeHHA C! rainKoKoa: 
B NYPHHOBbIC OCHOBAHHA HYKJICHHOBBIX KHCJIOT CO3peBaIOUIHX CeEMAH 3aKsIOUa- 
ach B CJI€{yIOUlem. 

PacTeHHaA ApOBOH NWeHHILbI copta ApremosKa nu oBca Xapbkosceku 596: 
Ha ONBITHOM Y4acTKe ONPbICKUBaHCb MHTATebHBIM pacTBopom Tesbpurena 3/, 
HOPMbI, B KOTOPbIH BHOCHJICA paqMOakTHBHbIM PIHKOKOM B KoHUecTBe 100 MCu/n. 
OnpbiCKHBaHHe pacTenuli npousBo_uocn yepe3 5 uel nocie uBeTenus. Cny- 
CTA 2 CyTOK CTeOIM ONPbICKaHHbIX pacTeHuli Cpe3aJIMCb NOL BOAOH HW NOMeLLaIHCb. 
Ha 48 4ac.B TOT xe payMoaKTHBHBIIi pacTBop — Aa Oombuel rapaHTuu Mocty- 
nienusd Cl rinkokosla B 3epHo. Ilonyuenupie sepHa ObuIn paqHoaKTMBHBIMH.. 

Metoguka puxkcalun un o6pa6orku Marepuasa, a Take on pedesleHHa paluoak- 
TMBHOCTH IyPHHOB B HaBECKe OCa\Ka MeHOFO NOPOIIKa MPHMeHANAaCb Taka xKe,. 
KaK H AIA ONpeWeeCHHA PaMOaKTHBHOCTH MyPHHOB MpopocTKOB MIWeHHILBI. 

PesyJIbTaTbl aHalv3a MoKasau, uTo C!* rmyKoKon BKOUaeTCA B Ty PHHbI 
HYKJICHHOBBIX KHCJIOT H IPH COSPpeBaHHH CeCMAH MMeHHIUbI H OBCa. PaquoaKTuB- 
HOCTb NyPHHOB HYKJICHHOBbIX KHCJIOT CeMAH MWeHUIbI cocraBrsana 400, a opca: 
142 umn/muu. 

IIpuBexeHHble ONbITHI NO3BONAIOT CemaTb cemyrouee 3aKwOUeHHe. 

BpejenHble B NHTATebHbI PacTBop My pHHbI MormouLaroTes MpopocTkaMuH MUe- 
HHIbI M KyKypys3bl (ra6n. 1). OnHako mpopocrKu MMeHHUBI He HCHOMb3YyIOT BBe- 
JCHHbIC MyPHHbI B OOLIYHOM IyTH CHHTe€3a HYKJICHHOBbIX KHCJIOT, YTO MOATBEPXx- 
WaeTCA OTCYTCTBHEM PakHOaKTHBHOCTH MyPHHOB HYKJICHHOBbIX KHCJIOT v3 IIpo- 
POCTKOB MIUJCHHIUbI, KOTOPbIe BbIPaMHBaIHCb C SHROCNepMaMH Ha MHTAaTeIbHOM 
pacTBope C pafHOaKTHBHbIM Tupomusatom PHK, u BecbMa caa6oi paluoaK- 
THBHOCTbIO ITyPHHOB HYKJICHHOBbIX KHCJIOT Y MPOpOcTKOB, BbIpalilHBaeMblx 
Ha TOM K€ IIHTaTeJIbHOM pacTBope 6e3 SHAOCMepMoB. 

IIpucytcTBve B NHTATeMbHOM Cpese PIMKOKOAa B KaYeCCTBE CMHCTBEHHOLO HC- 
TOUHHKA a30Ta IIpHBOAMT K TOMY, YTO B NpOpocTKax MUIeHHUbI H KYKYPYy3bl Mpo- 
HMCXOJMT CHHT€3 MypHHOB B OTCYTCTBHe CBeTAa. 

Meuenupiii C14 rmukokoul BKIOUaeTCA B azeHuH H ryaHuH PHK npopocrkos. 
MUCHHUbI H B MYPHHbI HYKJICEMHOBbIX KHCJIOT CO3PeBalIOULHX CeMAH MUICHHILbI 
OBCa. 

OueBHAHO, PIMKOKOJ ABJIACTCA OMHHM H3 CYWLCCTBCHHBIX MPeAUICCTBEHHHKOB. 
B CHHT€3€ NyPHHOB HYKJICHHOBBIX KHCJIOT BbICWIHX PaCTeHHH, Kak HM IyPHHOB. 
HYKJICHHOBLIX KHCJIOT TKaHeH XKUBOTHBIX H MHKPOOPpraHH3MOB. 


X apbKoBcKHH rocyapCcTBeHHbI yHHBepCHTeT Tocrynuso 
um. A. M. Toppkoro 27 II 1958 
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BHOXHMHA 


Usneu-koppecnonnent AH CCCP H. M. CHCAKAH uw H. A. PYMHJIEBCKAA 


O HYKJIEOTHXHOM COCTABE HYKJIEMHOBbIX KUCJIOT TYTOBOLO 
IWEJIKONPATA (BOMBYX MORI L.)* 


Panee Hamu OblWuIO yCTaHOBJIeHO, YTO COfepxKaHHe HYKJICHHOBbIX KHCAOT 
y TYTOBCFO IeIKONpALa B Mpomecce MeTaMopiosa NosBepraeTca Cyl\eCTBeHHBIM 
u3MeHeHuam (1). IIpomeccbt rucromu3a u AuddpepeHiualun TKaHeH COMPOBO- 
*KaloTcd HapacTaHHeM CosepxKaHUA HYKJICHHOBbIX KUCIOT. Hopble MepCneKTHBbI 
B W3YYCHHH HYKJICMHOBBIX KHCJIOT OTKPbLIHCb Meped HCCIeLOBAaTeIAMH B CBASH 
€ ycTaHoBseHHeM Onoormueckoli H XMMMYeCKOM cmeltupu4HOCcTH STO rpynnbl 
Beuects (2,3). OHHM 43 MpOABAeCHHH XMMMYECKOM ClelMPMIHOCTH HYKJICHHOBBIX 
KHCIOT ABIACTCA CMeMMPHIHOCTh UX COCTaBa, T. €. XAPaKTeP COOTHOLICHHA My- 
PHHOBBIX H IIMPHMMAMHOBKIX OCHOBaHHH B puOoHyKJenHOBOH (PHK) n fesoKcn- 
pHOonyksenHopolt (JIHK) kucnorax. MccieqopanuaMu, MpoBeeHHbIMH Ha 
MHKPOOpraHH3Max H XKMBOTHBIX, ycTaHoB.ieHo, ¥TO JIHK pa3samuHoro MpoHcxo- 
2KJICHHA MMEIOT pa3sJIMUHbIt HYKNeCOTHAHbIN COCTaB IPH HaIMYHH OOUIMX WIA 
pcex JLHK 3axonomepuocteit cocrasa (*~°). Ha ocHopaHun 3TOro Obl10 ccbopMyJIH- 
poBaHoO MOOxKeHHeE O BUOBOH cnelndpu4HoctH JLHK. 

Msyuenue nykKleoTuquoro coctapa PHK (in toto) pasmuunoro mponcxoxze- 
HHA BCKPbIIO OOULHe 3AKOHOMepHOcTH HaTHBHOrO coctaBa PHK (’), noyrBep- 
2KJ[CHHbIe B JaIbHeliwem ApyruMu paOotamu. Jlanuple mo cocrapy PHK xxusor- 
HbIX HM pacTeHHii BeCbMa MaJIO“NCMeHHHI (°*), a B HYKJeCOTHZHOM cocrape PHK 
MHK POOpraHH3MOB CYLLECTBEHHBIX Pa3JIMUHH He OOHapy2KeHo (°), TaK YTO BONMpoc 
O BHAOBOH cneyndpuyHoctH PHK noxka octTaerca OTKpbITHIM. 

B wactosimel paOoTe NpHBOAATCA TaHHbIe NO H3yYeHHIO HYKJeOTHAHOFO CoO- 
cTapa PHK tytogporo wesmkonpsya. IIpu stom caeqyer OTMeTHTb, YTO COCTaB 
HYKJICHHOBBIX KHCJIOT HaC€KOMBIX TlouTH He H3yueH. MMeroTcsa JIMIb eCAMHHUHBIC 
‘cBefleHua o coctape JIHK capanun (°). 

PaOota NpoBosusacb C TYTOBBIM INeKOMPAQOM Ha pasHbIX CTayMAX ero Me- 
Tamopdosa. KykouKu bukcupoBasucb aleroHom. Wiimna, dopmMupyrouluecs Bo 
BTOPOH MOOBHHE MeTaMoptho3sa B Tee CaMOK, H3BJeKaJIHCb, IPOMbIBaJIHCb 
AMCTHJIJIMPOBaHHOM BOLOH, PUKCHPOBAINCb AL€TOHOM HM HCCEMOBAIHCh OTACIIb- 
HO. AWeTOHOBHIe NpenapatTbl KyKOOK comepxKatn 2—2,5% HYKIeHHOBBIX KUC- 
Jor, ata 3%. Hykaeoruguptit cocraa PHK uecnenosancsa in toto (cyMMapHo 
6e3 MpeLBapHTeIbHOrO BbILeICHHA) MeTOLOM KOJMUeCTBeHHOI Xx pomatorpaun 
Ha OymMare wu creKTpotboromerpun. 

OTMbIBKa KHCOTOpaCTBOpHMBIX COequHeHH, rutpomns PHK, 9KCTPakWHA 
u ruapomns JLHK, xpomarorpapua, uxentupuKanua, CMeKTpootomerpuA 
pacueT HykwteoTHyqoB PHK u ocnopannli THK mponssoguica mo cnocoby, omu- 
‘CaHHOMy B JIMTepatype (1°). Hamu ObWIM BHeCeHBI cyenyioulNe u3sMeHeHHA, 
OOYCIOBJICHHbIE OCOOeCHHOCTAMH HCXOMHOrO MaTepuawa: 

I. B cpa3u c Hu3KHM cofepxKaHnem HYKJICHHOBbIX KHCJIOT (bpakWuA MOHO- 
sail tas mepe XpoMaTorpapupoBaHHeM yilapuBaslacb B BakyyM- 

yXa, CyXOH OCTaTOK pacTBopsIca B 2 MJI WMCTHJINPOBaHHO! BO- 
Abl, Ha XpOMaTOrpaMMy HaHocusocb 60 tn. 


* OKcne 
IV M 


4154 


: PHMCHTAJIbHbIC LaHHbIe OblIM NONOARKeHI Ha CHMNO3MyMe 10 OHOXHMHH HaCeKOMbIX 
*KRYHApOMHOro OvOxXHMHYeCKOrO KOHFpecca B Bene 3 X 1958 r. 


= 


Il. Mouepas xKucsora, NPHCYTCTBylollaA B HCXOHOM MatTepnase, Opa 


_ OOHapy2xkKeHa HM UeHTHULNpPOBaHa BO (bpakunu MoHOHyKueotunoB PHK; npw 


XpoMaTOrpadupoBaHHH B cuCTeMe pacTBopnTereli 6yTaHom — sTaHom — 6ydep: 
(alleTaTHo-aMMouniinbili pH 3,8) (4:1: 2) W W30MaCJIAHaa KucoTa — NH; — Boga 
(330 : 5: 165) ona pacnomaraetca pmecte c YPHAMIOBOH, KucmOTOH (puc. 1), 


_MO3TOMy ypHHOBaAn KucuOTAa 


ONpelelANach OTIeNbHO Tocse 
pasqeleHu# B  pacTBopuTese 
usonponaHon — HCl — pona 
(80 : 10: 10), rae ona XOPOILO 
OTJEIACTCA OT OCTAIbHbIX HYK- 
JICOTHOB WH MOYeBOH KHCJOTHI. 

III. [na pasyenenua ocuo- 
BaHuH JIHK  ucnonmp30paica 


PacCTBOPHTeb w30NponaHon — “a 
HCl — pona (°). 
BplllleonucaHHbIM MeTOLOM B 290 280 270 260 2D AO ne 
PHK tytosoro wemkonpsyqa B Bera 
mpowecce MeTamMopdo3sa Obi Puc. 1. Cnextpst nornomenusa p YJIbTP APHOIETOBbIX. 


oOHapyKeHbI, HCHTUUILApoOBa- ayyax 9u10aTOB B 1 M cocthatHom Oydepe pH 7. 


a — ypuyuoBanA kucNOTa B CHCTeMe pacTBOpHTeeli 

b 
Ber ao Deas Terbl B pou PHBIX STaHod — OyTaHon — 6ysep u H30MacA AHA KuCIOTa — 
MPOWCHTaX YETbIPe HYKCOTHAa: NH3 — gona, 6 — ypulusoBad KHCsOTAa B H3oNponH- 


_ TyaHHJIOBadA, aJeHHJIOBaA, YPH- soBom cnupte, @ — MOueBaad KHCOTa B H30IIponH- 


JWIOBaA WH WHTHAWIOBaA KHC- JIOBOM CNHpTe 
JIOTHI. 
Pes3ys1bTaTbl SKCNEPHMEHTAJIbHBIX HCCJICMOBAHHH MpeAcTaBJeHbI B Taw. |. 


Tao numa 4 


HykmeotugzHpli coctas PHK xkykoJiok TyToBoro WesKoNpsga 


HykseoTugpl, Mom. % 


Juv Meta- OGeers | a ee r+y/s)r-4+wU Ilyp 
- - JUHTHTUJIO- J10- 

woptose "Samay | EUS PSEA [PES | AEE | EY | Te 

1-11 C ile Dome DAKO ID 4,00 1,08 thle? 

: eical 26,1 ABM Zoned 23,9 4,00 0,97 dere, 

3-% G BBC 27,6 Pop bs oe | OBS) || Opts |) 20s 

C ae 26,8 26,2 PBs.) 24,2 4,04 0,96 ilesstal 

5-H Camubl 24,3 28,0 2Ae 26,4 1502 OFS4e |e 09 

CamMku — = = ma == =e == 

Be3 pa3yqevienna 26,1 ili | Dene 24,1 41 Oil 0,94 1,14 

7-4 Bes pa3jzeuienHA 26,6 Pafeal 20,9 2543 1,08 0,90 1,16 

i 23,8 PS}. Th PAN eh ASO) |) OLS) |) Oss |] a4 

ae ane 23,9 Died Phd PAS) fas 0,99 | 0,88 | 1,04 

Bes pa3qeeHHa 24,5 29,1 21,8 aes) 0,96 | 0,86 | 41,16 

10-4 | Sima u3 Kykon0K ZaiA 29,7 18,8 | 26,4 |..1,05 |0,78 | 1,24 


V3 2THx WaHHblx BuHO, YTO usyyeHHad PHK oOnapy2KuBaeT oOulHe 3aKOHO- 
MePHOCTH, MpHcyllHe HaTHBHOMYy COCTaBy PHK, orxppitle B aOopatopun Uap- 
radda (7). Konuuectso 6-KeTOorpylill paBHO KONMNCCTBY 6-aMHHOrpylll, T. €. Mo- 
JIApHoe cofepxKaHHe TyaHHJIOBOH y YPHAMIOBOH KHCOT PaBHO COLepxKaHulo: 
ed BE 

aJleHHJIOBOH ++ WHTHAHJIOBOH (45 
Hoctu Bce PHK moryt ObITb TOJbKO TpeX THIIOB: C mpeod1alaHueM ry aHHJIOBOH 
HM UWHTHLMNOBOM Hal aeHHJIOBOK H ypHAMOBOH ([ll-run), TerpanykKeoTHJHbIit 

13* 


= 1). B cusy 9ToH oOmel 3aKoHOMep- 


“pan uc mpeoOsayaHHeM aeHHAOBOK 1 ypudusopoi Hal ryanwioBol wu WATHAH- 
-nopoii Kucaotamu (AY-rtun). B oranune or PHK mukpooprannsmos (°), sB- 
narouletica TL]-Tuna, 10 HaliMM JaHHbIM, PHK wesmxonpsfga AY-tTunNAa u MocTO- 
HHO B Ipomecce MeTaMopi)o3za OCTaeTCAH TaKOBOM, HECMOTpH Ha HeOOJIbIUHe 
KoneOaHuA B COfepxKaHHH OTAeCIbHEIX HyKJeoTHLOB. Benw4nna OTHOLIeHHA 
yPHHOB K M1HPHMHHHaM TakxKe He CTOJIb BbICOKAa, KaK Y PHK muxpoopranus- 
Mop. OfHako yBesIHYeHHE KOHI[CHTpaluu wleoun MPH THApOHse’ PHK ue 
IpHBeIO K MOBbIMeHHIO COMepKaHuA MyPHHOB. 

Conepxanuve JIHK B weKonpsje B Ie0M CpaBHHTeJIbHO HH3KOe, B Pe3yJIb- 
Tate wero BOSHHKAIOT MeTOMYeCKHe TPYNIHOCTH IIpH oOMmpeeteHHH ee COCTABa. 
[lostomy u3yyenne coctrasa JIHK wiemkonpsza ObWlo_orpaHHyeHO M0Ka UC- 
.C@MOBAHHeEM AMI, B3ATHIX W3 Tela caMoK-kyKos0K. Ilomyuenb cieyroulne 
JMauupie: ryanun 22,5%, amennn 28,6%, wWnTOsHH 21,9%, Tumun 27,2%, 


ip A NypHHpD r+ 
y= 108; T = 100% iupuMugqunel 1,04, Ago 1 = 1,79. B coctape NHK 


va 
MWeNKONpALa TAKXKE OOHAPYAKUBAIOTCA OOH 3aKOHOMEPHOCTH COCTaBa HaTHBHOH 
JUHK, orxppitpie B wa6opatopuu Uapradia (*), T. €. MOJApPHOe cofepxaHne 
aJleHuHa PpaBHO COMepxKaHHIO THMHHA, a MOJIAPHOe COepxKaHHe ryaHvHa PaBHO 
‘COJlep2KAHHIO IWMTOSHHa, CYMMA€ 2Ke IIYPHHOB paBHa CyMMe IIMpHMHAMHOB. Orcioga 
cnenyer,uto THK pa3inuHoro NpoucxowKeHHA MOryT OTMHYATLCA pyr oT Apy- 
ra BeMYMHOH Top HK wekonpsaya, Kak wv Bce usyyeHHble JIHK xu- 
‘BoTHpIx, AT-tuna (4) u Majo uem ormuyaerca ot THK capanun (°), cnepMpi 
ppi6 (1!) nu Bupyca nomuaqpa TyToBoro wemKoupsaga (7). 

Oguako HeoOxo,uMbI JabHeiuiMe uccmeqoBaHud cocTaBa PHK HaceKoMBbIx, 
‘UTOObI WOKa3aTb WIM OMpPOBeprHyTh Ha/IMUNe CYLLeCTBeHHBIX pa3siMunHH PHK 
HaceKOMbIX oT PHK jpyrux %KHBOTHbIX — OTIM4MH, OOHAPyXeCHHBIX B Halen 


pa6orte. 


Viucrutyt Ovoxumun um. A. H. Baxa Tocrynuao 
Axayemuu HayK CCCP 22 XIi 1958 


UMTHPOBAHHAA JIMTEPATYPA 


1H. M.Cucakaun, H. A. TymMuameseckaan, Buoxm., 21, 810 (1956). 7 0. T. 
Avery,C.M.MacLeod,M.McCarty, J. Exp. Med., 79, 137 (1944). % E.C har- 
-g aff, Experientia, 6, 201 (1950). *E. Chargaff, The Nucleic Acids, N. Y., 1, 1955, 
Os COViG A.C.Caup uu, A.H.Beno3sepcKxunh, H. B. Wyraesa, 5b. ©. Baun- 
mH H, BuoxuM., 22, 744 (1957), ® Ki Yong Lee, E. Barbu, C. R. Soc. Biol., 
150, 865 (1956), ie D. Elson, E.Chargaff, Biochim. et Biophys. Acta, 17, 367 (1955). 

B. Magasanik, The Nucleic Acids, N. Y.}..1)-1955, p. 378. ‘GOROWy aq 
Biochem. J., 48, 584 (1951), 2° A.C.Cnupuu, A.H.Beao3sepceKud, Buoxe., 
-21, 768 (1956); JTAH, 113, 650 (1957). %C. F. Emanuel, I. L. Chaikoff, 
‘Biochem. Biophys. Acta, 28, 550 (1958). 12G.R. Wyatt, J. Gen. Physiol., 36, 201 (1952). 


4156 


Horsanm Aranemun Hayk CCCP 
1959. Tom 124, Ne 5 


BHOXHMH A 


‘Unen-Koppecnounzent AH CCCP H. M. IMAHYIJIb, Ji. I. JMNUUHA, 
WY. HW. MEJIEBHHA u T. 9. JIMMATOBA 


M3bUPATEJIBHOE NOWABJIEHHE AK THBHOCTH 
OKHCJINTEJIBHO-BOCCTAHOBHTEJIBHbIX ®EPMEHTOB 
B OTYXOJIEBBIX KJIETKAX MPH BO3QEMCTBAM HHPHBUTOPOB 
WENHbIX PEAKUMH 


Ha npoTaxeHun MHOrux eT Hex 06 H36upaTeIbHOM TOpMoxeHHH (pepMcH- 
‘TaTHBHbIX IMIPOIMeCCOB B OMyXOJIeBbIX KJe€TKAX MPHBJIeKaeT BHHYMAHHe HCCJIeNO- 
waTeeH, B KaYeCTBe PallMOHa/IbHOrO MpPHHWnNa XuMuoTepanun paka ('). 

B paOore (?) Hamu Oblia yCTaHOBJIeHa BO3MOXKHOCTh TOPMOXKeHHA Hu OOpatT- 
HOrO Pa3BHTHA JIEHKO3a y MbIIeH MO BJIMAHHEM HETOKCHYHbIX HHTHOHTOPOB 
I€NHbIX OKHCJIHTCIbHBIX peakUw (OyTHIOKCHaHH30, HOHON, Mpomuurassar). 

Mcxoa u3 COBPeMeHHbIX MpelcTaBseHHH O PakuKaJIbHOM Me€XaHH3Me OKHC- 
JIATCJIbHO-BOCCTAHOBHTCJIbHbIX ITPOMeCCOB, MbI HM@JIM OCHOBAHHA IIpeAMOOKUTd, 
4TO OAHOH M3 BO3MOKHLIX NPHIHH NPOTHBOOMyXoOMeBOrO JelCTBHA YKa3aHHbIXx 
BbIMe MpelapaToB Kak pa3 HW ABJAeTCA U3ONPaTeJIbHOe NOMaBeHHe HM AKTHB- 
HOCTH OKUHCJIMTCJIbHO-BOCCTAHOBHTCJIbHbIX (CPMEHTOB OMNYXOJIEBbIX KJICTOK. 
BemejcTBve STOrO NosaBsIeHHA HapyilaloTca Mmpolleccbl OOpasoBaHua Makpo- 
9PrMyeCKHX COCAMHEHHH, CTOJIb HEOOXOMMMBIX JVI OCYLLCCTBJICHHA HHTCHCHBHBIX 
OHOCHHTC30B, CBOMCTBCHHBIX HeomlacTuyeckomy pocty. B HacTosuleli padore u3- 
JIOX%KEHbI IKCMEPHMECHTAIbHBIC JAHHbIe, NOLTBEPKMLalOWlNe MPaBHJIbHOCTb BbICKa- 
3aHHOrO MpemnouoKeHHsA. 

Kak H3BeCTHO, MIpOMecchl NerHAPHPOBaHHAA ABJIAIOTCA BarmkKHeHWeH CTYMeHbIO 
B WMH OKHCIMTeCIbHO-BOCCTAHOBHTeCIbHBIX peakuul. Tlosromy npexe Bcero 
‘CJICMOBAIIO BLIACHHTb, MOaBIAeCTCA JIM MPH BOSLeHCTBHH HHIHOHNTOPOB ILeIHbIX 
OKHCJINTCJIbHbIX MPOILeCCOB aKTHBHOCTb Jleruypas. 

Uccnenopanua, mpopeseuupie in vitro, Ha OMyXOJIeBbIX KJ€TKAaX HM IKCTPak- 
TaX OMYXONeBHIX TKaHel C METHJICHOBOH CHHbIO B MpoOupKax Cc arap-arapoM 
(pH 7,0) (3,4) a mo meroguxe TyxOepra (pH 7,2), noKasanu, YTO pu BOsqeH- 
CTBHM MponmnrawiaTa (HOpMaIbHEIi IpomMAOBLIN sup TadJoBon KHCJIOTB!) 
JI@HCTBUTeIbHO TIPOHCXOAMT MOaBseHHe AKTHBHOCTH BC€H COBOKYIIHOCTH ]{e- 
rHpa3, YYaCTBYIOIWHX B OKHCJIMTC/IbHO-BOCCTAHOBUTEbHBIX MPOMeccax. Metu- 
JI€HOBasd CHHb, KOTOPas B OTCYTCTBHE MpONnuMTalata oOeciBeUMBaeTCA, MepexoLs 
B JleliKOOCHOBaHHe, Tipu MpHOaBeHHM MponMradata, MpH TeX Xe YCOBUAX, 
COBepIIeHHO He OGeciIBeyMBaeTca. KoHMeHTpalluA Mpelapata B S9THX ONbITAX CO- 
crapiana 0,75 u 0,15%. ’ 

OnbiTbl M0 BO3eHCTBHIO MponHJraisata, B3ATOrO B 0,75% KOHUCHTpallnn, 
Ha AKTMBHOCTb Jeruspas B 9KCTPaKTaX 3OPOBbIX TKaHeH (eueHb, ceneseHka) 
noka3alu Nulib vacTHuHOe uHTHOupyrolee elcrBue mpenapata. IIpn 0,15% 
KOHUeHTpallun mperapata Ha6/OLalOCh MPakTHYCCKH MOJIHOe OTCYTCTBHE HH- 
rHOupylolulero felicCTBHA Ha AKTHBHOCTh AerHApas SfOPOBbIX KJICTOK. Meru- 
sleHoBad Cun B MpucytcTBuu 0,15% pacTBopa Mporuraiata MOHOCTbIO 
OOCCIIBEUMBAACb, H JIMIb CKOPOCTb 9TOTO MpoOllecca HECKOJIbKO yMeHbIlasach 
B TO BPCMA, KaK AKTHBHOCTh JerHApas OMYXONCBLIX KMCTOK MPOMHATaaTOM, 
B3ATbIM B TOM 2Ke KOHI[CHTPallMM MOHOCTbIO MOAABIAMACh. 
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Pa3MuHA B OTHOWEHHN K NponusrainaTy MexKy OlyXOIeBbIMH H S3/OPO- 
BLIMH KJI@TKAMH OTUCTMBO MPOABIIAIOTCA Take H MPH BbIKIIOUCHHH OHOM 
43 jleruypa3 — CyKWMHerngpasbl myTeM TOPMOXKeHHA MaJIOHATOM HaTPHA. 
SKCIEPUMeEHTHI MPOBOAWIHCb C METHJICHOBOH CHHbIO NO MeTOAUKEe TyHOepra 
(oH, 7,2): : 

K BpIBOLY 06 u30upaTeAbHOM NOfaBJIEHHH AKTHBHOCTH OKHCJMTCIbHO-BOC- 
CTAHOBHTEIbHEIX (PEPMEHTOB MPHBOAAT M WMTOXHMHYCCKHE UCCICNOBAHHA JeH- 
CTBUA Mponuarasmata Ha cbepMeHTHEIe CHCTeMbI OMOMOPMYeCKOTO OKUCIICHHA. 

B xauectne oObeKTa HCCIeMOBaHHA ObWIn BbIOpaHbl (epMeHTHI CyKIUMHOKCH- 
ja3Hoit cuctembl. AKTHBHOCTb CyKUMHLerupasbl HM HEKOTOPbIX MOCIEMYIOULAX (cpep- 
MCHTOB 3TOM CHCTeMbI ONpeeAIH MO BOCCTAHOBJICHHIO METHJICHOBOH CHHH M10 
Pockuny (*) B mIpucyTcTBHH CyKUMHaTa HaTpusA. AKTHBHOCTb IMTOXPOMOKCHAA3bI 
3aBeplaloleroO OKHCIMTeIbHOTO (pepMeHTa CYKUMHOKCHasHOrO KOMMJIeKCa 
onpenensaan no peppy (°) ¢ o6pasoBaHvemM HHAOPeHOJIOBOrO CHHETO. 

SKCHePUMEHTHI MPOBOMJINCh C ACILHTHBIM PaKOM OPJIUXa Y MbILUeH, JIeHKO3OM 
y YepHBIX MblWel HHH C-57 (Tamm JIA), akpHAMHOBO CapKOMOK y MBILUeH, 
omyxoubio Bpayuw — [lupe y KpomuKos. 

Kulerku acllvTHOro paka HM H3MeJIbYeHHbIe TKaHH Apyrux onyxoeH HHKyOu- 
poBaIucb B TeueHHe 30 muH. B 0,75; 0,15 u 0,075% pactBopax nponusraaata. 
B xKauecTBe pacTBOpHTeel UCMOMb3OBaIHCb CUSHOJIOrHYeCKHH PacTBOpP HIE 
cbocctbaTHblit Gydep c pH 7,2. KonTposemM ABIAIMCb OMyXOJeBbIe KJICETKH, HHKY- 
OupOBaHHble B (USHOJIOrHYeCKOM pacTBOpe JIM COOTBETCTBYIOULeM Oydepe. 

AKTHBHOCTh IWMTOXPOMOKCHAa3bl B MapaJJIeIbHbIX KOHTPOJIbHBIX OMbITAX 
HHrHOupoBaacb 0,01 % wuannyom; cyKWMHeruspasa HHAKTHBUPOBAaacb Harpe- 
BaHHeM OMyXxOmeBbIX TKAaHeH Jo 56°. 

Bce onpezemeHua Mpou3sBOuJIH B KJICTOUHbIX Ma@3KaX H Cpe3sax. 

Tponusrannat sp 0,75; 0,15 nu 0,075% KoHMeHTpallHAx NOMHOCTHIO NOsa- 
BJIA€T AKTHBHOCTh CYKIMHDeruApasbl B KJI€ETKAX BCE€X HCCJICQOBAHHbIX ONyxouleH; 
MeTHJICHOBaA CHHb B KJle€TKaX, OOPpaOOTaHHbIX MpoMmuralaToM, He OOecIIBe- 
UHMBaeTCA Ha MPOTAKeHHM BCero NepHosa HaOwioqeHHa (24 uaca). Ta xe Kap- 
THHa HaOsiofaeTCA JWIX KJI€TOK, B KOTOPbIX CYKIMHeruipasa WHaKTHBUpC- 
BaJlaCb HarpeBaHHeM. AKTHBHOCTb (pepMeHTa Nocyie OTMbIBAHHA Su3noOrHyec- 
KHM PaCTBOPOM HHKYOHPOBaHHOH B MpoNmMralaTe H3MeJIbYeHHOH ONyxoeBon 
TKaHH He BOccTaHaBNBaeTcA. B onyxOJIeBbIX KJI€TKaX, He OOpaOoTaHHbIx Mpo- 
NWJITaaTOM (KOHTPOJIb), MepexO MeTHJICHOBOH CHHH B JI€liKOOCHOBaHHe 
(o6ecliBeuuBaHHe KIeTOK) mpoteKkaer 3a 1,5—3,5 uaca. 

OTH pa3sJIM4Hs BO BPeMeHH OOCCUBCUNBAHUA CBASAHbI C NPHPOMOl onyxomn. 
C HanOoubuel CKOpOCTbIO MeTHJICHOBaA CHHb OGecIBeuHBaeTCA B KeTKAX OMy- 
xomu Bpayy—TIIupce, c HauMenbueli—B KJIeTKaX J1elikKO3HOM TKaHH; Mpome- 
2KYTOUHO® MECTO 3aHHMAIOT KJI€TKH aclHTHOrO paka. Puc. | uuasmtocrpupyer 
NOMaBICHHE AKTHBHOCTH CYKIWMHJerHpasbl B KJI€TKAaX aCWHTHOrO paka 
Opauxa. 

ILWTOXPOMOKCHa3a BHIABJIACTCA B WHTOMIAa3Me KJeTOK B Buse YETKO KOHTY- 
PHPOBaHHbIX 3epeH CHHeFO Beta. KomnMuecTBO 3epeH B KJIETKAX Pa3IMYHBIX Oy- 
xoleH BapbupyeT. Bowie Bcero 3epeH B KeTKaxX onyxoiu Bpayx — Ilupe. 
Umeetca CBA3b M%KIy KOJIMYCCTBOM 3ePeH H CKOPOCTbIO OGeCIBeYHBaHHA Me- 
THICHOBOH CHHH. J[pyruMu COBaMH, MMeeTCH CBASb MCKAY AKTHBHOCTHIO pala 
(bepMeHTOB KOMMVIeKCa CYKILMHOKCH]a3bl, B TOM unCcTe CYKIMHAeruypasbl, vv 
AKTHBHOCTbIO IHTOXPOMOKCHasbl. 

B keTKax BCeX H3YYeHHBIX onyxonel, o6pa6oraHHEix 0,75% pacTBo- 
POM IIponMralata, PpavyJbl OTCyTCTBy10T (cM. puc. 2). Ta xe KapTHHa OTMe- 
Len ee adleacumr nL USC a ItHaHHyoM. Iloqapnenue ak- 
Souanittn foe ome ae 3 407 PpacTBOPOM MIpoOnHJraata ABIAeTCH 

- LIP OTMBIBAHHH H3MeJIbYeCHHOM OMyxoNeBoli TKAHH (bu- 

a ala WHTOXPOMOKCHa3bl BOCCTaHaBJIHBaeT- 
nomaBsenne Bb BbIABIAIOTCA Tpanyabl. [Ipaxtuyecku nomHOe 
aKTHBHOCTH HHTOXPOMOKCHasbl HaOMOfaeTcd Takxke pu OOpabor- 


a 
a ONyXOJEBbIX KI€TOK PaCTBOPOM HponHsraswata MeHbUHX KOHIeHTpallula 
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Puc. 1. Hogapnenwe akTHBHOCTH CyKUMHerHApasbl B KseTKaX aCIUTHOrO paka OpsauXxa. 

O6. uo. 60, ok. 5X , @— KJeTKH, OKPaleHHbIe MeTHAeHOBOH CHHbIO (Hayao peakILHH), O6—Te 

*%Ke KMETKU Yepes 2 Yaca (MoMHOe OGeclBeUNBaHHe MeTHAeHORO! CHHM), 6 — dpteKT MoAaBlenus 

AKTHBHOCTH CyKIMHAerHApasbl MpONHradatoM (MeTHJICHORad CHHb He OOeCIBeTHJacb ciycTaA 
24 yaca Moce Havasa ombita) 


Puc. 2. TlojapmenHe aKTHBHOCTH WHTOXPOMOKCHa3bl B KJIeT- 

Kax onyxomm Bpayu—IIupc. O6. umm. 60, ok. 5X, a— 

MHOFOUHCICHHbIe PpaHybl B WHTOMIa3sMe; 6 — Tlojaplenne 

AKTHBHOCTH IATOXPOMOKCHAa3bl NPONMIraWIatoM (rpaHyJbl 
He BbIABIIAIOTCA) 


Puc. 3. Us6upatempuoe jeiicraue 0,15% pactsopa Mponm- 
ranmata Ha KeTKH omyxoin Bpayx —IIupc. 06. unm. 60, 
ok. DX, @— Ppavysbl OTCyTCTBYIOT (aKTHBHOCTb WHTOXPOM- 
OKCHJa3bl MolapieHa), 6 — KeTKH CeeseHKH C OTYETIMBO 
pbIpaxKeHHBIMH rpavy/laMu (aKTHBHOCTb (pepMeHTA He Tlo,aB- 
JIAeTCA) 


Jloxaaam AkafemMun HaykK CeCGE 
1959..Tom 124, Ne 5 


MOP®OJIOTHA PACTEHHH 


T. M. MOKPOBCKAA 


3TAMbI POPMHPOBAHHA KYCTA JIYPOBOTO K JIEBEPA 
B YCJIOBHAX MOCKOBCKOH OBJIACTH 


(IIpedcmasaeno akademuxon B, H. Cyxaueoom 22 X 1958) 


BospacTHo-Onosormueckue ocoOeHHOcTH JIyroBoro HIM KpacHOro: KleBepa 
(Trifolium pratense L.) cnegyer usy4¥aTb He C TOUKH 3PeHHA KasleHLapHOro: 
Bogpacta ocoOu, T. €. CpoKka OT I1popacTaHHaA CeMeHH, a C’TOUKH 3PeHHA BO3- 
pactuoctH (1), MpoOxABJAIOULeHCA B BOSPaCTHO-MOpOOrHyecKUX STallax — 9Ta- 
max (OpMHpoBaHHA KyCTa. 

[log stanamu opMupoBaHuA KyCTa aBTOp MOHHMaeT MOCe{OBaTebHY!O 
CMeHY BOSpacTHO-OnOOrHyecKHX OCOOeHHOCTeH — OT TpopacTaHHA NO MOJ1HO-: 
rO OTMHpaHUA OCOOH, MIM AO COCTOAHHA OOOCOOHMBLIMXCA JOUCPHHX OPpraHH3MOB 
BePreTaTHBHOFO MPOWCXOKTCHUA, KJIOHA, — TIPOSBJIAIOULyIOCA B H3MCHEHHH BHE- 
wHero OOuKa pacTeHus, B ero Mopdouorun. HadsoeHua NOKa3bIBaloT, YTO B 
YCNOBUAX KYJIbTYPbl H Ha MacTOuulax, pH HHTCHCHBHOM BbIllace CKOTa, MOKeT 
TIPOHCXOLHTb CMeHa 2—3 STaNOB (OPMHPOBaHHA KyCTa KJeBepa B TeEYeCHHE OHO- 
ro BereTal\MOHHOrO NepHowa, a B YCJIOBHAX CYXOJOJbHbIX JIYPOB KyCT KJleBepa 
MOXKET HaXOMHTbCA B TeYeHue 2—3 eT, a HHOa HW Ooee, Ha OLHOM STane cop- 
MupoBaHuav. HecoMHeHHO, Takoe ObICTpoe MpoxoxeHHe BO38PacTHO-Mopdo- 
JIOTHYCCKHX STAMOB CKa3bIBaeTCA Ha XO3AHCTBCHHOM HCMOb30BaHHH KJICBEPHIll, 
uv nacTOum. BsieiaA pa3MuHble sTalbl (OPMHPOBaHHA KycTa KJeBepa, Mbl 
OasHpOBaNCb Ha OCHOBHbIX MOJOXKCHHAX, BbIABJICHHbIX MPH W3yYYeHHH BO3- 
PaCTHBIX OCOOeCHHOCTeH TPpaBAHHCTHIX MHOFOJIeTHHKOB (*) H TIOMOBbIX JepeBbeB 
(*). Dranbl PopMupoBaHHA KYCTAa KeBepa CIELYET BLIACIATS BO BTOPOH NOMOBHHE 
BereTallMOHHOrO MepuHoga (aBrycT), Kora OHH XOpolO BbIpaxkeHbl. Mopdoso- 
THYCCKHMH MOKasaTeIAMH 9STAaNOB (OpMUpOBaHHA KycTa JyroBporo KJiepepa 
ABJIAIOTCH COCTOAHHE BEPXYIMIeYHOH MOUKH, a TaK2Ke TMaBHOTO KOPHA, H HaJn- 
une OOKOBbIX TeHePaTHBHHIX MOOEPOB H MPHaTOUHIX KOPHEH PasHbIX MOPALKOB- 
Hamu BbIMeMAIOTCA WeCcTb 9TAaNOB (POpMHPOBaHUA KyCcTa JIYrOBoro KsleBepa. 

Ilepppii 9Tan dopMupowpannsA KycTa Jlyroporo KseBepa orpaHuunBaeTcs 
OBCHWJIBHBIM HM OTYACTH MpeAreHepaTHBHbIM epHoOaMH pasBHTHA pacTeHnit 
Hv AuTca 1—2 roga. Pacrenne mpeycrapaser coboit Ha 9TOM 3Tame MaJICHbKY}O 
poserKy JMCcTbeB, una ocu I nopsyKa OOpmHO He npeBEUaet 0,5 cm. Komu- 
YeCTBO OOpasoBaBIUXCH 3a BereTalHOHHbIil NepHok AHCTbeB, BKMIOUAad CeMsALO- 
JIM M YOBCHHIbHIN JIHCT, paBHO 7—10, Kpome Toro, Ha6mogaeTea oT 3 WO 5 3a- 
WaTKOB JIMCTb€B Ha KOHyce HapactaHua. Bepxymieunad nouKa BO BCeX ycJO- 
BHAX OCTaeTCA BereTaTHBHOH (°, °). Kymenne He HaOsioylaeTea, XOTA NoUKU 
BOSOOHOBICHNA MMEIOTCH B la3yXaX BCX JIMCTbEB, BKJIIOUaM YacTO H CeMAONN, 
H IOBCHHWJIbHbIM JIMCT. Pasmep MOueK He TpeBbiuaer 0,5 cm. XapakTepHo orcytT- 
CTBHC MPHAaTOUHbIX KOPHeH. TaBHbiit KOPeHb XOPoMO pa3sBHT. 

Bropoli stan bopMupopanus KycTa KpacHoro KJIeBepa CBOHCTBeH Tpemrene- 
PaTHBHOMy MepHoy pasBuTuA pacrenus. On anutca 1—3 roga. Pactrexne 
B 9TO BPeMA IIpelcTaBAeT COOOH KPYNHbI€ POSeTKH, B Ma3yXaXx JUCTHEB KOTOPbIX 
HaXOMATCA YKOPOYCHHbIe NOOerH HIM MOUKH. Tlasy ube nouKH LOcTHraloT pa3- 
Mepa 2—3 CM, ABISACh CHAbHO yYKOpoyeHHbIMH moOeramu. Ha Hux MOxKHO 


pasiuuatb 10—14 ysnop. Och I nopsamKa paBHa B AWUuHy 0,7—0,8 em, Ha 
4160 . 


Rae ene ne a y3ula, H3 KOTOpbIX IpumMepHo 7—10 y3moB HecyT 
} yce HapacTaHua uMeetca 4—5 3auaTKOB JIMCTbeB. 
Kyutenue mpoucxogur 3a cuer YKOPOUCHHDIX MOOeroB, HAXOMAULMXCA B Masyxax 
SHMOBABINHX JIHCTbEB WIM B MasyXaX JIMCTbeB JaHHOro roga. TaaBuplii KOpeHb 
_ XOpouro BEIDaKeH. B OCHOBaHHM PO3SeTKH UMeeTCH HeOOMbINOe YHCO MpuaToy- 
HBIX KOpHeii (°, *). Kaxkypni nputatounpiit Kopers pa3BuBaetca Ha ocu | nops- 
Ka B MasyXxe JINCTA, BbIINe NasyUIHOH NOuUKH MpuMepHo Ha | mM. PasBuTue 60KoO- 
Boro moGera 4 MpHaTouHoro KOpHA cTporo KOppeJIMpOBaHO BO BpemeHH. Ecuin 
HaOJ0alorca Oaron puAaTHbre YCOBHA JIA PaSBHTHA MpuaTOuHbIX KOpHe 
(B1axKHbI, PbIXJIbIM MOBEPXHOCTHBIM COM MOUBHI UT. I.), TO OTMe4aeTCH yrHe- 
TCHHE Ma3yWIHOH MOUKH, HaXOAAuelicA MOL NpHAaTOUHbIM KOPHeM, Hu HaoGopot, 
IPH MP€3MEPHOM PasBUTHH FeHepaTuBHBIX NoOeros II nopagKa (Mp NoBbILUeH- 
HOM J03€ OplaHO-MHHepaJIbHbIX yOOpeHHi) HaOmOMaeTcA MOUTH NOHO OT- 
CyTCTBHE IipHAaTOUHbIX KOpHeli Ha ocn I nopsyKa. 

Tperuii oTali (bopMupoBaHHA KycTa JlyroBoro KJeBepa, WIM «HauaJbHO- 
PeHCPaTHBHbIM» STall, XAPAKTeEPH3YeTCA HaJIMUHeM ACHC BbIPAXeCHHBIX OOKOBbIX 
(reHepaTMBHbIX) moOeroB, KOTOPHIe HeMHOTOUNCAeHHEI, B cpeqHem 1—3 (0 
5 B eCTeCTBCHHBIX yCOBHAX u AO 20 B ycoBMAX MomeROIi KYJIbTYpbl). Tperuit 
sTal (POpMUpoBaHHA KycTa jWiuTcA oT 1 Jo 3 seT B ecTeCTBEHHBIX yCOBMAX H 
TOMbKO | row. B ycoBuAX KybTypbI. Ha ocu I nopsagKa HaOmoxaerca 27 y3.10B, 
Ha OOKOBbIX reHepaTHBHBIX moOerax 12—14 y3noB, u3 HUX CKYYeHHbIX 3—5. 
B oOTJeuIbHbIX CLy4atx HacuuTIBaeTcA Jo 17 y310B (HanpuMep, Ha «H3pocLIHX» 
noderax II nopsyka c 3a0xeHHbIM OceHbIO corperuem). [IpuyaTouHbie KOpHA y 
AUKOPACTYU[MX KJICBEPOB XOPOLIO Pa3sBUTbI HM MPHypOUeHLI, TaBHbIM OOpasom, 
k ocu I nopsyka. Y kybTyPHBIX OCOGel OTMeYaOCh CpaBHUTeIbHO He3HayHTesb- 
Hoe Ppa3sBHTHE [MPHaTOUHbIX KOPHeH (BIIOTb MO MOMHOrO OTCYTCTBHA), 
YTO, OYCBHAHO, OODACHACTCA UPe3MeEPHbIM PasBHTHEM TeHepaTHBHbIX MoOOeros. 

Yerpeptsii stan (OpMHpOBaHUA KYyCTa JlyroBoro K1eBepa OXBaTHIBaeT FeHe- 
PpaTHBHbIM MepHok »*%u3HH pacTeHuaA. Ha aHHOM 9Tane uMeeTCA OOMbINOe KOMH- 
YeCTBO reHepaTHBHbIX MoOeros (70 20), rmaBHbim O6pa3om II u pexe III nopaz- 
KOB, IPH OJHOBPeCMeCHHOM CYUI€CTBOBaHHH BepxylwieyHoH mouku. Ha konyce 
HapacTaHua OTMeyaeTCA 3 3a4aTKa JIMCTbCB HW 3HAYHTebHOe MorpyxKenune ero 
(«BTATHBaHHe» JO 0,5 cM), YTO MOXeT ObITh CBAZAHO C MIpeKpallleHHeM pocTta ocH 
I nopagxka. [naBHbii KopeHb MopdoslorMuecKH BbIPaxKeH XOPOLIO, XOTA HaOJII0- 
WaeTCA OTMUPaHHe MepBUYHOM KCHJICMbI, HHOPa 9TO ABJIEHHE MOXKET HavaTbcA 
Ha III strane. SK3emmaApbl, HAXOAMLMeECA Ha YeTBEPTOM 9Talle (POPpMHpOBaHHA 
KyCcTa, OOpasyioT HavOOJblyIO yKOCHYy!O Maccy KJleBepa B TpaBocToe Jyra. 
YerpepTblii sTalm — 3TO HeQOMTOBCYHDIM MepHO, KOTOPHIM AWHTCA Ha Jlyrax 
mpuMepHo 1—2 roga. Ha yerBepTom stale OCcOOeHHO APKO MposABJIAeTCA cmoco6- 
HOCTb JlaHHOrO SK3eMIIApa K BereTaTHBHOMY Pa3MHOXKeHHIO. ITO BbIpPakaerca 
B OOpasoBaHun Ha nooerax I] nopayka AOBOJIbHO MOMLHBIX MPHAaTOUHbIX KOPHEH, 
cbyHKWMOHUpyroulux 2—3 roya. TloSern BereTaTHBHOrO pasMHOxXKeHHA C NpHa- 
TOUHBIMH KOPHAMH PasBUBAaIOTCA MPH CCHOBAHHH PeHepaTHBHbIX NOGeroB, OCO- 
6eHHO Tex, KOTOpble HMeIOT MHOrO (10 5) yKOPOYeHHEIX M@xKLOy3/INH. TloGer 
BereTaTHBHOFO pasMHOxKeHHA — 9TO yKOPOYeHHbIit MoOer II] nopsaka, JuIMHOl 
no 1 cM, pogerouHoro TuMa, HECKOMIbKO CIVMOCHYTHIH, MOXOOHO BepxylIeuHOu 
nouke ocu | nopsyKa, aHe OKpyrvibli B WHaMeTpe, Kak TeHepaTHBHbIe modern. 
B ecTecTBeHHbIX yCJOBHAX KOJMYeCTBO yKOpeHHBUINxcA moderoB III nopagKa 
otmeyanochb ot 1 go 4, UpHyeM YKOPeHAJNCb TOMbKO HHKePAaCMOJ1OXRKCHHbIC 
no ocu I nopsazKa mo6ern. B ycnoBuAXx KyJIbTYPbI BEreTaTHBHOFO PasMHOKEHHA, 
Kak IIpaBuJlo, He HaOs0JaeTCA, OMHAKO Kak PeAKUH ClyYaH OTMeYaJIOCh YKOpe- 
uenue 10 no6eros II] nopayKa u B JabHeliliem OOpas0BaHHe OOOCOOMeCHHBIX 
youepHux ocobeli. Takum o6pa30M, Ha YeTBEpTOM 9Talle cbopMupoBannsl KycTa 
KeBepa MOABIAIOTCA y2Ke 3a4¥aTKH HOBbIX, B aJlbHCHIICM OO0coGJ1CHHBIX, 
OpraHu3MOB BereTaTHBHOrO NpOuCcxO*K CHUA. 

[larpit 2Tan cbopMupoBaHuA KycTa Jlyroporo KleBepa CieyeT CHHTaTb 
yTarloM BereTaTHBHOrO pa3MHOxKeHHA, TAK Kak OObIYHO OH ABJIACTCH SaKJIOUH- 
TCJIbHBIM B OHTOreHe3e AaHHOl ocobn. PacteHne, HaxO{AllleecAd Ha MATOM 9Ta- 
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je, XapakTepu3yeTCa MOJIHbIM OTMMpaHieM BepXyllewHOH MOUKM M HadaJiOM 
paspyiuenua och I nopayka M TvlaBHOrO KOpHA, YTO B Seeeah coer npHEOMS | 
K OTMHpaHHlO MaTepHHCKOM ocoOu MK o6pas0BaHulo KJIOHa ( F TPYKTYPHOH | 
eyunuileli KycTa B ero CpefHeli YaCTH ABMAeTCA TeHepaTHBHBIH no6er III nopasl- | 
Ka, B HM2KHeli—BereTaTHBHbIM YKOPOUCHHbIM no6er II] nopsyqka, pasBuBalolini- 
csi 13 CKYYCHHBIX Y3JIOB OCHOBaHHA OTMepliuiero moGera I] nopayka; BepXxHast| 
yacTb KycTa (pOpMupyeTcA 3a CUeT reHepaTHBHbIX moGeroB II nopsaxa. Jlyrosoti 
KJIeBep Ha MATOM 9Talle elke BXOJMT B COCTaB YKOCHOM MaCCbI TpaBOCTOA, XOTA 
KOJIMUeCTBO MOOeFOB H UX CTCMeHb Pa3BUTHA 3HAUHTEJIbHO YCTyNaloT YETBCPTOMy 
stany. JlaubHelimee pasBuTHe KyCTa KpaCHOrO KJleBepa MOET NPOTeKaTh B 
IByX HallpaBJieHHAX: 

1. [Ipn OularonpHaATHIX yCNOBHAX HaOvOjaeTCsA o6ocobeHHe m00eros | 
pereTaTHBHOrO pa3MHOXKeHHA OT MaTepHHCKOH ocoOu. Or co6cTBeHHO MaTepHE- | 
CKOrO OpraHH3Ma OCTaeTCA paspylWeHHbIi TlaBHbIM KOpeHb HM OTMepllan Mac- | 
cupHaa ocb I nopsyKa. OToT ovar paspyWleHMA HaXOJMTCA B WEHTPe KJIOHA, | 
a KPYrOM pacniovlaraloTcaA OuepHUe OCOON, HaxOJAM[MeCH Ha Pa3JIMYHBIX 9TAMAX | 
(popMHpoBaHuA KyCTa, Ha BTOPOM, TpeTbeM, “eTBepTOM. CilejlyeT OTMETHTh, YTO 
youepHve ocoOH BereTaTHBHOTO MpOHCXOxK CHUA MpOXOLAT Obicrpee BCe STAMIbI, | 
yeM OCOOM CeMeHHOrO MpoHcXox*KeHUuA, MW OObIMHO OTMUPpaloT yepes 1—2 roja. | 

2. Ecm ne npou301us0 o6oco6eHHe MOOeroB BereTaTHBHOrO PaSMHOXKeHHA | 
WIM Take No6ern 10 KaKHM-JI1HOO MpH4InHaM BOOOMLe He COPasoBaJINCb, TO KYCT | 
KuleBepa NepexOuT Ha wecroH stan pPopMupoBanusA. JlaHHbI 9TaN XapakTepu3yer 
CHHHJIbHbI NepHOk pasBuTHA PpacTeHHA UM LIuTCA NpuMepHo 1—3 roga. JlyroBou 
KJIeEBep B STOT MepHok (akTHueCKH He BXOJHT B COCTaB yKOCHOM maccpl. Ha 
JIaHHOM 93TaNe mpoucxosUT pa3spywenne ocu I nopsyKa nu MocTeneHHoe OTMHPa- 
HHe HW paspylleHHe PIaBHOTO KOPHA, KOTOPOe IIpOTeKaeT Kak B €fO BePXyLieyHOH 
yaCTH, BCJIEICTBHe OTMMPaHHA NepBHYHON KCHJIEMbI, TaK H MPH erO OCHOBAHHH, 
6larofapxA HelccpeMCTBCHHOMY KOHTAaKTY C pa3pyllialoulelica ocbio I mopsyKa. 
Kycrt kjlepepa Ha UiecTOM 9Tale OOpa30BaH HeGombUINM UnCIOM (1—2) noGeroB 
III nopsnaka u no6eramu, pa3sBuBalollMMHCA u3 ciaujHxX moyeK ocu I uw II no- 
PANKOB, H3 TOH YaCTH HX, KOTOPaA emule He ycnea paspyuuTEcsa. Ilo6ern, Bo3- 
HHKIUIMe W3 CIALMIMX MOCK, ABJIAIOTCA Ca6O PaSBHTbIMM TeHeEPaTHBHbIMH MO0- 
Oeramu c 5—6 y3amu H He MpeBbituaioT 8—10 cm B AHHy. Ulecro stam dbopmn- 
poBaHHA KyCTa HaO0faeTCA TOKO B YCJIOBUAX, HeOMAarOMpHATHHIX JIA Bere- 
TAaTHBHOFO Pa3MHOXKeHUA KJeBepa. 

Takum o6pasom, B ecTecTBeHHbIX ycoBHax MocKoscKoli 061. KycT Jyroso- 
rO KleBepa OOBIMHO B KOHIe %KU3HH pacNayaeTcA Ha OTIEbHbIC JOUePHHE OCO- 
Ou, T. e. NepexoquT B kIOH. Mnorga aBeHNA BereTaTHBHOrO Ppa3MHOXKCHHA MO- 
ryT HaOsOLaTbCA MH B YCJIOBHAX KYJIbTYPHI. 

Pa6orta mposeyena Mok pyKoBosctBom mpod. HU. I. CepeOpakoBa, KOTOpoMy 
aBTOP BbipaxkaeT CBOIO OuarowapHocrs. 
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Mockosckuii ropoxckoli nenaroruueckuit HHCTHTyT Iocrynuao 
um. B. II. Tloremkuna 21 X 1988 
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PHU3SHOJIOTHA PACTEHHH 


b. A. PYBHH u M. E. JIAQbIPHHA 
BJIMAHHE CTPENTOMMILMHA HA 3EJIEHEHHE MPOPOCTKOB 


(ITpedcmasaeno akademuxom A. H. Onapuxeim 29 VIII 1958) 


B npesbiqyuyux paOorax 6blI0 NOKa3aHO, YTO BHI3bIBAaeMOe CTpeNTOMHILH HOM 
NOWABICHHE MPOMeCCOB 3eJICHEHHA MIPOPOCTKOB CcoueTaeTCH C 3aKOHOMEPHbIMH 
H3MCHEHHAMH B OKHCJIHTeIbHOU Cucteme (}, *). 

Hapsyy c akTHBupoBaHueM OOMero [bIXaHHA KeTKM OTMe¥aeTCA MOaBue- 
HH€ aKTHBHOCTH WHTOXPOMOKCHAa3bl H NOMMdeHONOKcHAasbl. Jia BbIACHeHUA 
MIPHPOAbI B3AaMMOCBA3H M@XK]Ly Ha3BaHHbIMH JIBYMA TpynnamMu sABeHHH Oblwin 
NpCANPHHATHI OMbITbI NO yCTpaneHntoO HHrHOUpyroulero elcTBHA CTPenTOMHILH- 
Ha C MOMOI{bIO HOHOB HEKOTOpbIX MeTa10B. [losyueHHble pH 3TOM PesyJIbTaThI 
COCTaBJIAIOT TEMY HacTOAMeH CTaTbH. 

B KayectBe akTopa, ycTpaHsxtoulero JelcTBHe CTpenTOMHILHHA, ObWIO peUe- 
HO HCIOJIb3OBaTb COCAMHCHHA 2KeMe3a HU MapraHlla, KOTOPble, KaK H3BeCTHO, AB- © 
JIAIOTCA AKTHBATOPaMH OKHCJIHTEJIbHbIX MpOleccoB B XHBOH KseTKe (375). K 
HCNOIb30BaHHIO MapraHlla B 9THX WeIAX ObWIO TEM OOJIbIe OCHOBaHHH, TO B 


Ta6Omuna 1 
Buusanve crpentomunnna, Mn?* (55 wr/a) u Fe3+ (9,6 mr/a) Ha 


AKTHBHOCTb WATOXpOMOKCHAasbl B 11-qHEBHbIX MpopocTKax sAuMeHa 
Bunep (cpequHe JaHHble H3 0 OMbITOB) 


JlucTbsa Kopxu 
YcuIOBHA ONbITAa B UJI Nord. B ws nora. 
O, Hai? % O. Ha ir % 
CbIp. Beca CbIp. Beca 
Boga Ate 2 100 08,9 100 
0,01 % crpenToMHuHH Gia 44 36,0 64 
To »e + Mn?* KOA 7 49,9 85 
Boga 57,0 100 43,0 100 
0,04 % cTpenTOMHILHH BM 69 210) 48. 
ae cdit Rot 88.0 154 128'3 295 


JUTepaType HMeIOTCH TaHHbIe, COraCHO KOTOPbIM TOPMOKEHHE Pocta I1popoct- 
KOB CTPelTOMMIMHOM yCTpaHaeTcA IPH BHECeHHH B IMTATCIPHYIO Cpeay 
coequHennit Mapranua (°,”). YcTaHoBIeHO TaKxKe, YTO MapraHel, He CHH2KaeT 
norjomeHua pacreHuem crpentomutnna (“). M3 sToro MoxHO MpeANoOxKUTD, 
uTO JleliCTBHe, OKa3bIBAeMOe MapraHlleM, OOYC/OB/IeEHO BJHAHHEM TMocsleqHero 


Ha OKHCJIMTCJIbHbIe MIPOIeccnl. 
Ha6m102eHuA MpOBOAHNCb Ha MpOpocTKax AYMCHA COPTa Buuep u nojycomHey- 


Huka copta Paposoli. Meroquka BbipalliMBaHHA pacTeHHM ONMCaHa B MpexKHHX 
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paborax (1, ®). By KauecTBe UCTOUHHKa MapraHlla HCIOJIb30Baacb song 
MnSO,-4H,O 8} KoHWeHTpallun 55 mr/a. UcrouHukoM xKele3a CLyKH K-re 
oTHeHIuamMuHTetpaaneraT (9,6 mr/m). )Kemeso-KanneBad  COJIb) STHJICHH- 
AMUHTeETpayKCyCHOM KUCJOTHI ABJIACTCA (pus Moor H“yeckH MHupepeHTHOH, Tak 
uTO IPH e€ IPHMeHeHMM UCKIOYaeTCA NOOABOUHOe AEHCTBUC AHHOHA. 

V3 aHHblx, mpeqcraBleHHbIx B TaOl. 1, BHAHO, YTO KaK MapraHell, Tak H 
*Ke1e30 CHUMAaIH METHOUpyroulee WHTOXPOMOKHAasy WeHCTBHe CTPeNTOMHILMHA 
(B OTeMbHHIX OMbITaX BeMYHHA sTOrO appeKxTa Oplwia pasvMuHa). Oco6eHHO 

CHJIbHOe JJeHCTBHE OKa3bIBaJlO 
Ta6Oauna 2 ene3o. Tak, B OOJIbIIIMHCTBE 


C OCTb IHTOXPOM- 
Buuanve cientomuuuna wv Mn?+ (55 mr/m) Ba akTHB- OMbITOB Pa AU a 
HOCTb NomMbeHOOKCHa3sbl B 30-[HEBHbIX MpopocTKax OKCHJla3bl B p ; 


noyconmeunHuka (cpeyqHHe WaHHble H3 4 OMbITOB) BHeceHo Fe**, He TObKO NOJIHO- 
CTbIO BOCCTaHaBJIMBalaCb, HO H 

Jluctba Kopuu 3HAUHTeCJIbHO IIpeBblllala TaKO- 

eee orate ~~ are BylO B PacTeHHAX, BbIpallleH- 
emun. | % | equn. | % HbIX 6e3 crpentomumuHa. [lomu- 


MO WHTOXPOMOKCHJa3bI B OTIBI- 
Tax C MOACOJIHCYHHKOM ObIH 


Boga 39,8 ue ee es; MpoBeseHbI HaOmOMeHHA Haj 
Toe Mat ay. 4°6 go |4’4 | 497  momuenonoKcugasoh. AKTHB- 


HOCTb 3TOrO cbepmMeHta (ompeje- 
JIABIuadca 10 MeToLy BbospKu- 
ya (°)), peskO CHWKalacb NO BJIMAHHEM CTPeNTOMHUMHa M BOCCTAHaBJIMBa- 
jlacb mpH BHeceHun Mn?*. B cpequem no onbiraM Obi MOyYeHbI cieqyroulne 
janupie (Tab. 2). Oru aHHble XOPOUIO CormacyioTCA c pesybTaTaMH HaOwJ10- 
JeHHM Ha COMepKaHHeM 3eJICHbIX MHTMCHTOB B IIPOPOCTKaXx. 


Ta6Oauna 3 


BausHve cipentomuunHa, M?+ wu Fe®+ wa cogepxkaHHe NMrMeHTOB B 11-qHeBHBIX NpopocTKax 
AUMeHSA WH 28-7HeBHbIX MpOpocTKax NoscomHeuHHKa (cpeqHHe TaHHbIe H3 5D OMbITOB) 


XNopomusn 
Ilporoxnopo puts Cymma 
Ycuiopua onbita a b 
Mr | % Mr | % Mr % Mr | % 
A uMeHb 
Bona 0,452 100 0,479 100 0,061 100 0,692 100 
0,01% cTpenTromuuHH (0), PAY) 48 0,091 il 0,045 74 Omsisys! ot 
To xe + Mn?t+ Ora) 72 0,428 ie 0,048 79 0,504 1% 
Bona 0,315 100 0,102 100 0,048 100 0,465 400 
0,01 crpentomuuna 0,274 88 0),079 78 0,041 85 0,391 84 
To »Ke + Fe?+ 0,399 127 0,194 190 0,064 133 0,657 144 
IloncomHeUHUK 
Bona ihe as 100 0,343 100 0,231 100 4,629 100 
0,01% crpenromuunH 0,197 19 0,130 38 0,405 | 45 0,432 37 
To »xe + Mn?t+ 0,524 50 0,178 od 0,104 45 0, 806 49 


Kak BHAHO 3 WaHHbIx Tab. 3, Mn**, u, B oco6eHHoctu, Fe®+ p 3Hauntemb- 
HOH Mepe BOCCTaHaBIMBaJIM CMOCOOHOCTh pacTeHHit CHHTe3HPOBaTb XJOpOpud. 

Takum 06pa30m, B OMHCaHHEIX BbIIIe ONbITAX BHOBb MNOATBEPANIacb B3aHMO- 
CBASh MOKAY BOSHUKAIOULMMH MO] BJIMAHHEM CTPeCNTOMHILMHa CIBHPaMH B AKTHB- 
HOCTH OKCHJ\a3, YUACTBYIOWMX B MePeCHOCe JeKTPOHOB, H H3MCHCHHSAMH B cHo- 
coOHOCTH TKaHH pacTeHua CHHT€3MPOBaTb XJOpOpH. 

Tloqasnenue c nomoutbI0 crpentomunnHa AKTHBHOCTH IWLHTOXPOMOKCHa3bl 
MU MoMPCHOMOKCHAAsbI BCera CONPOBOXKaloch CHWKeHHeM coqepxaHHaA XJIO- 


popuiia; 1pH peakTuBupoBaHun 3THX cbepMentTogs cnoco6uocTb TKaHelt K 6nO0- 
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CHHT€3y XJOpoua BOCCTaHaBsuBaeTcH. Stu LaHHBIe Cly2KaT NOATBeEpxJe- 
HHCM TOYKH 3PpeCHUA, COracCHO KOTOPO! OMHO H3 3BeHbeB B ILeNH TIpoleccos 
CHHT€3a XJIOPOuIIa HeEMOCpeCTBeHHO 3aBUCUT OT HOPMaJIbHOrO dyHKUWMOHH- 
POBaHHA PepMeHTOB 3aBepliaioulero stana oKUCeHHA. 

Kak ykasbiBalocb B Npesbilyuelt Hamed paOore ('), O2HHM u3 TaKHXx 3Ta- 
NOB CHHT€3a XNOPOuJa MOXeT ABHTbCA MpeBpallenue MIpoToOxMopopus uaa 
B MpOTOxopopusis (mpucoeynuenne cbutona x nmop@upHnHowomy spy). laa 
HSYYCHHA STOO BaxKHOrO BONpOCa HaMH ObWIM MPOBeJeHbI HaGmOeHHA Hal 
cnekTpaMu dsryopeclenunH xOpodusa B XKUBBIX JIHCTbAX TO MeTOJHKE, 
paspaOotaHuolt A. A. Kpacuoscxum c corp. (°)*. 

HapecTHo, uTo Np KOMHAaTHOL TeMMepatype TpyAHO yOBHTb IpOMexKYyTOUHbIe 
CTaqHW NPCBpauleHHA MHTMeHTOB, Tak KaK 9TH PeaKIMH MpOTeKaloT OYeHb OBICT- 
po. Meroy ®. M. JIutBuna u A. A. Kpacuosexoro ocnopaH Ha ObICTPOM 3aMO- 
PaxkMBaHHU UCcCeRyemoro oOObeKTa Jo —150° u cuaTunM cneKTpos daoypecieH- 
WMH MIpH STO Temmepatype. PnyOoKoe oxaxenue He HapyluaeT ecTrecTBeHHOrO 
COCTOAHHA MHIMeCHTOB. 

@nyopecileHiusA MMCTbeB BOsOyxKalacb CcBeTOM PTYTHO-KBapleBOH JiaM- 
nbt CBJIIN-250. Crextpst dororpadupopaucb ¢ momontDI0 cneKTporpada 
MCH-73 wa maacruHkax Tuna «lanuudpa» mp wupnne mem 0,025—0,05 mm 
M 9kCMOsMuMAX 2,5—15 Muy. CuMMKH CreKTpoB @oTOMeTpupoBasuch Ha peru- 
cTpHpyroulem Mukpodotomerpe M®@-4. Pacnpexerenne sHepruu B cmeKTpe 
PaCCUHTHIBAOCb H3 CTENCHH NOYEPHEHHA MWaCTHHOK B COMOCTaBJICHHH CO CMeKT- 
pom dsyopécieHttun pryTHbIX JMHHA. Ha6mogzenunt Haq cnektpamn ds1yopec- 
I€HILHH MPOBOLWIHCb Ha MpopocTKax AYMeHA, BbIPaleHHbIX Ha Boe u 0,2% 
CTPpeNTOMHILHHE WH HaXOJMBUIMXCA KaK Ha CBeTY, Tak HW B TeMHOTe (TaOuI. 4). 


TaOmauna 4 
JlonoxwKeHue MaKCHMyMOB B cneKTpax <syopecyeHynu ucTbeB 11-gueBHEIx mpo- 


poctkoB syMena Buuep, BbipauleHHbix Ha Boge Hu 0,2% crpenTomuuMHe (cpeqHHe 
avHble 3 3 OMbITOB) 


y Ilonox%KeHHe MaKCHMyMa 
culo- r, MB 

BHA 
anpita 


YcNOBUA OKkcno3u- Wupuna Uactb 
onpita Wus, MHH. | UlevIH, MM mucta 


I II III 


BepxH. H.O 633 650 680 


TemHota 10 0,03 nwKH. |cTpent.| 633 650 680 
BepXH. H,O0 686 730 
Cper 10 0,025 HwKH. |cTpent.| 680 | 694 — 695 


IIpupegenupie B Ta6u. 4 WaHHble NOKAasbIBAaIOT, YTO MOM0%KCHHE MAKCHMYMOB 
cnekTpos (plyopeceHunn ObWiO OMHaKOBO WIA MPOPOCTKOB, BbipallleHHbIX 
Ha BOJe M CTPenTOMHIMMHe, B TOM Cyly4ae, ECM HM Te, 4 Apyrve ObWIM JIMLIeHbI 
cpeta. M3meneHuaA B MOsOXKeHHH MAKCHMYMOB CII€KTpoB dlyopecleHunu Mp 
3KCNOHMPOBaHHM MpOPOCTKOB Ha CBETY Pa3JIM4Hbl Y KOHTPOMbHOrO H CTPerITO- 
MUIkMHOBOrO BapHaHToB. IlomoxkeHHe MaKCHMYMOB Y KOHTPOJIbHBIX PaCTeHHH 
KaK B BepXHeli, Tak H B HY2KHEH YaCTH JMCTA MOJIHOCTHIO COOTBCTCTBYeT MaKCH- 
MyMaM, XapaKTepHbIM JIA CMeKTpoB xopodusa. Bowee cloxwkuad KapTuna 
HaOsojlaeTcaA y MpopocTrkKoB cTpenTomulnHOBOrO BapHanta. IlonomKeHHe MaKcu- 
MYMOB (pJyYOPECHeCHILMH Pas/IMUHO MIA PaSHbIX YaCTeH JIMCTA. B Bepxuel, 3ev1e- 
HOM, YaCTH JMCTa 9TH MaKCHMYMBI COBMafaioT C aHHBIMH, MOJYTCHHBIMH [Is 
KOHTPOJIbHBIX pactennit. B HuxHeH, albOMHOCHOH, WaCTH JINCTA MO/O2KeHHE MaK- 
CHMYMOB C/[BHHYTO B KOPOTKOBOJIHOBYI0 YacTb, B OCOOeHHOCTH CHJIbHO y BTO- 
poro MaKcumyna (Ha 34—36 mit). Flonoxenue | MakcuMyMa CJjBUHYTO He3HauH- 
TebHO, TEM He MeHee HasIM4uHe STOO CABHTa yCTAHOB/eHO C MOJIHOH ompere- 


JICHHOCTBIO. 


yagutb A. A. KpacuoscKomy u M. Boictposo natty ray6okyto 
6osbULyIO MOMOMb B OSHAKOMJICHHH C 3TOH MeTOAHKOH. 
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* Tlomb3yemca Culy4aeM BbI| 
6larofapHOCTh 3a OKa3aHHyl0 HaM 


Cornacuo uceneqopanuam A. A. KpacnoscKoro, oOHapy2KeHHoe HaMH B 


aNbOHHOCHDIX UaCTAX MpPOpOcTrKOB CTPelTOMMIMHOBOTO BapHaHTa TOIOMKeHHE 
II maxcumyMa oTBeyaeT cTayun mepexofa OT IIpOTOXJOpopHia K XJOPODHIy . 
Dro 1aeT OCHOBAHHE MpeANOMORUTb, YTO CTPCMTOMUILNH 3ajlep»xkuBae? Mpeppalile- 
Hue MIpOTOXMOpOpusa B XTOPOPHIN Ha TOM Stale, KOrAa oOpasyeTcaA COeHHe- 
Hue C MakKCuMyMoOM 730 Mt. OTO BAMA- 

TaOnuua 9 Hue CTpenTOMHIWHa MO*KeT ObITb 0O- 

Hapy2KeHO TOJIbKO Ha CBeTY, T. €. B 


SKCTHHKUMA Ae TOHOBBIX BbITS2KeK XMOpo*pHsa : 
43 slucTbeB ~«suMena Buxep, Bpipamennpix YC/IOBHAX, o6ecileuMBaloluluX BOSMOXK 


Ha Boge HU 0,2% crpellroMHaHHe HOCTb 3aBepwleHHA Mporlecca 06pa3o- 
BaHHA XJOpOpHTa. 

Skcrunkyus |OTHOMeHHE O6 u3MeHeHHAX B MHTMCHTHOM 

Yonopua | Yacte |______[a Miku. alimapate, HacTyMaloulMx MOM BJIMs- 

665 mu | 430 mu | MYMOR 430 eM CTPeNTOMMIMHa, CBA AETEJIb- 

CTBYIOT TakxKe MH JaHHBIe CIeKTPOB 

MOPIOULCHHA alleTOHOBbIX BBITSA2KeK, 

Boga a pe hen ae NOMYYCHHBIX H3 JIMCTbEB OMbITHBIX 

Crpentomu- | sepxH. |0,068}0,138| 2:1 wR eer ope (ae pease! 

HH NG, 0140, Bes | aead cctinapa eae ee ere NYS 


JIMUICHHOH 3eIeHOH OKPaCKH HH*KHeH 
yacTH JIMCTa CTPelMTOMHILMHOBbIX pa- 
CTeHHH OTHOWeHHe SKCTHHKILMM AId MakcuMyMoB 430 nu 665 MP BBOe MIpeBbI- 
waeT BeIMYHHY, XapakTepHyO JIA KOHTPOMbHbIX pacreHu. Bonpoc o npwun- 
Hax OOHapyKeHHbIX CBUrOB TpeOyeT clelnabHOrO OOcy*KeHHA. 

Pes3yibTaTb! HaOONeHHH Hal clleKTpamu (JlyopecieHiMH He MpOTHBOpevaT 
BbIIBHHYTOMY HaMH paHee MpeMOMO%KeHHIO OTHOCHTeEMbHO TOO, YTO HHTHOH- 
pyroulee JeHCTBue CTPeNTOMMUMHa Ha CHHTeE3 XJOPOHla CBA3aHO, Npexkde 
BCePO, C TOPMOXKeHHEM PeakILHH MpeBpallleHuA MpOTOXMOpoOdu Ja B XOpOduJI. 
ITO TOPMOXKEHHE, B CBOIO OUePelb, OOYCJIOBJICHO BbISbIBACMbIMH CTPeMTOMHILHHOM 
HapylleHHAMH B 9HepreTH¥YeCKOM OOMeHE paCTeHHH, O YeEM CBHeTeIbCTBYeT 
MOfaBJIGEHHe AKTHBHOCTH WHTOXPOMOKCHa3sbl HW TMOMMPeHOMOKCHLAa3sbl. 


Muctutyt OvoxumMun um. A. H. Baxa Ilocrynuuio 
Akajiemun Hayk CCCP 26 VIIT 1958 


UMTMPOBAHHAA JIMTEPATYPA 


B. A. Py6un, M. E, Jlagetrunua, Buoxumus, 22, s. 6, 984(1957). 2 B.A. Py- 
M. E. Jlagptruna, W3s. AH CCCP, cep. 6uvon., Ne 3, 352 (1957). * M. A. 
] b HH K, SHaveHHe MHKPOOeMeHTOB B XKH3HH pacTeHHii HM B 3emsmenemun, M., 1950. 
Sian A.Py6uun, MW. A. Vepuaspuna, A.B. Muxeesa, JAH, 105, 1039 (1955). 
5 W. Simons, Fortschr. d. Bot., 17, 576 (1955). ® W. Rosen, Proc. Soc. Exp. Biol-, 
85, 3857(1954). OR. Grey, Am. Ji Bot. 42, Nes (1955)0) **2Al NB onup kee 
Tp. Hucr. dusuor. pacr., 8, B. 2, 398 (1954). ° ©. ©. JIureuu, A. A. Kpacuos- 
ckuu, JAH, 117, 106 (1957). 
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Wok aay Akanemun HayrtG¢CeP 
1959. Tom 124, M5 


MOP®@OJIOLH ff 


E. ©. MOJIMKAPMOBA 
OBAPHOTEHE3 STHAT NMOPOAbI COBETCKHH MEPHHOC 


(ITpedcmasaeno axademuxom A. H. Baxyaesum 14 X 1958) 


B cBa3u ¢ salpocaMu MpakTHku 3a MocnequHe TogbI yBennuWICA HHTepec 
K MCCICNOBaHHIO NOJIOBbIX AKEE3 CEJIbCKOXO3AHCTBEHHBIX 2KHBOTHbIX — KPYMHO- 
ro (*~*) wu Menxoro (*~*) poratoro cxora. OqHako Ao nocaeqHero BpeMeHH Cyute- 
cTByeT MHOrO IIpOTHBOpeyHH MO BOMpocaM OBapunoreHesa, OBOreHe3a H HCTOU- 
HHKOB TIPOHCXO*KeCHHA MOJIOBbIX KJICETOK B AWYHHKAX MJICKOMMTAIOILUX. 

Eue B Hayasle TeKyU[ero CTOMeTHA, Ha OCHOBAHHH HCCeEAOBAHNA AHUHUKOB 
KPOJIMKa, KOUIKH M YeOBeKa, CeiuMmontT (7) uw Bunupaprep (°) npnuwin K 3a- 
KJHOUCHHIO, YTO OOPasOBaHHe MOJOBbIX KJICETOK B AHYHHKAX MJICKOMMTAIOULMX 
MIPpOHCXOMMT TOJbKO IIpH yTpoOHOM pa3BuTuH. Takoe mpeycTaBleHue uMeer 
CBOMX CTOPOHHHKOB AO HacTosuero Bpemenn (°"!). Hapamy c 9THM cyuecTByeT 
TouKa 3peHua ('*-1§) o BosMOxKHOCTH OOPasOBaHHA MOJIOBbIX KJIETOK B AHUHH- 
KaX 2KHBOTHBIX MOce pox eHuA. 

Hae BHHMaHHe ObWIO HallpaBsieHO Ha BbIACHeHHeE XapaKTepa pa3BuTHA 
AMY HUKOB, COOTHOUICHHE TKAaHeH H MOJIOBbIX KJETOK I1pH POPMHPOBaHHA AHYHHKOB 
ATHAT MOPOMbI COBETCKHM MePHHOC OT NepBoro HA POKAeCHUA UM JO MOMyTOparo- 
JHUHOFO BOSpacTa. ITO padore NpeMINIeCTBOBAJIH HCCELOBAHUA PasBUTHA AWUHH- 
KOB I1JIOJOB aHHou mopogpi (*). Takum oOpa3om, MbI pacnoslaraem MaTepnasioM, 
MOSBOJAIOULHM IIpOCIeUTb y OMHOM H TO Ke MOPOAb! OBelL BECb IlyTb CPOpMHpo- 
BaHHA AWYHHKOB OT HavaJla MOMOBOK AuddpepewWualHH U LO NOMOBOH 3peocTH. 

Marepvay JIA HaliMx HCCeQOBaHHH Obl MOJIyYeH OT XHBOTHBIX OMbITHOFO 
xosaiictaa CraBponobcKoro MHCTHTYTa OBLeBOACTBa H KOs0BONCTBa. M3yya- 
JIMCb AMGHHKH OT arHaT |l-ro JHA poweHuA, 2,5; 5 mec., | roga u 1,5 ner. 
Beero usyyeno 60 suuHukos or 30 xxuBorubx. IIpu ux usyyenun oOpalalocb 
BHUMaHHe Ha COOTHOIICHHE OTACJIbHbIX €fO 30H, VIA YerO yCTaHaBJIMBaJlacb 
TOJMLHHA BOJIOKHHCTOM OOOMOUKH, HaXOAMeHCA MO 3a4aTKORbIM SIIMTeIMeM, 
HM KOPKOBOM 3OHbI, HaxoAuelica MexKLy BOJIOKHHCTOH OOONOUKOH U cocy- 
JMCTOH 30HOl AMUHMKa. OnpesesiaIOCb KOMHYCCTBO H PaSMePbI OBOLMHTOB, AHILC- 
KJI€TOK, (POJJIMKYJIOB H XKEJITHIX Te] B AHTHHKAX. 

Tlomoppie 2Kee3bl HOBOPOXKACHHIX ATHAT H3yYaIHCb TOMbKO MO THCTOIO- 
PHYeCCKUM Cpe3aM, a y APHAT BCeX OCTAJIbHBIX BOSPaCTHbIX rpyni — ee H MO 
IWlaCTHHKaM, Ha KOTOPbIe 2Kee3bl Paspe3aNHCb CMCMMANbHbIM alilapaToM. 
Merogauka TaKkoro HCC1eOBaHHA MOJIOBbIX 2Kees HAMM Obl yrxKe onvcaHa ( ys 

Pa3meppbl (pouJIMKYJOB MU XEJITHIX Te B AWYHUKAX Ha MlacTHHKax oMmpeye- 
JAIUCh TPH MOMOULH OKYJAPMUKPOMeTpa MOT 6HHOKYIAPHOH synoH MO JByM 
H3MepeHHAM JMaMeTpoB, CYMMa KOTOPbIX, MesIeHHaA MOMO/aM, pacCCMaTPHBaslacb 
Kak cpeunii noKasaTeib pasmepa. Ilo Takum Cpey{HHM MOKa3aTeAM UByX AMTHH 
KOB OMpPeJeAIUCh CaMble KPyMHble POMIMKYJbI M AEUITbIE Tea NIA KaKNOW 
oco6u. Cpequue pa3Mepbl B BO3pacTHbIX rpyllax SES ei mo YNCJTy uccwe- 
JyembIx oco6ei ofHore u TOPO xe BOSpacta. TakuM 2Ke ClOCOOOM ycTaHaBJMBa- 
JMC pagMepbl OBOWHTOR, AliMeKeTOK H HX ALep MO PHCTOMOPHTeCKHM cpesaM 
nox, MuxKpockoriom. B mepBom Cilydae HCUMCCHHA BeMHCb B MHJIHMeTPaXx, a 


BO BTOPpOM — B MHKPOHAx. 
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@MuKcalluA MOMOBIX 2KEeTe3 MPOBOAMAaCh 10% HelTpaJIbHbIM Sopmanaae 
O6bekTh 3aIMBAIMCh B Mapaduu. Tucromornueckue cpe3bl OKPpallinBaJIuCb 


nematokcusiuHom mo Kappay4n c MoKpackoi 903HHOM, a30KaPMHHOM ITO Mas- 
Op W 2KEUESHBIM TeMATOKCHJIMHOM 110 YICBOHHY. 


Puc. 1. @— KopKoBad 30Ha SHUHHKA HOBOPOXKACHHBIX APHAT C Ppyrmol OBoWNTOB (/ — oBo- 
unt, 2— apo opounta, 3 — snuTenuli opownta), 2400 X; 6 — yuacToK KOPKOBOM 30HbI ANY- 
HuKa 2,5-mecstuHoro sirHeHKa (/ — OBOIHT C XapaKTepHbIM ApOoM, 2 — OBOWHT C TeEMHBIM 
ajpom), 2400 X; 6— yuacTOoK AWHYHMKA HOBOpoxKAeCHHOrO ArHeHKa (/ — IIpMMOpAMaJbHbITE 
cbomukyn, 2 — kyOnueckuii snuTenHi mpuMopzManbHoro (bomuKyna), 2400 X; e — rpaatbos 
dommukyn (/ —donnnkyispypli snutemnii, 2— nonocTb domsuKyla, 38 — silekserka, 

4 — afpo alieketku, 5 — 30Ha menmonmnga), 1200 X 


ToMMHHA OTICIbHBIX COCB MH 30H OMpeLeAmach NO rHCTOMOPHYeCKUM Cpe- 
3aM MOQ MUKPOCKONOM MpHPNOMOULM OKYJAPMHKpOMeTpa To 25 H3MepeHHAM B 
KaKJOM AMYHHKe. Cpeqnne pa3sMepbl HCUHCIATHCh B MMKPOHaX. 

KomMyuecTBO OBOLMTOB yCcTaHaBJIMBaslOCcb M10 CpeqHHM uncaM B 50 nomax 
3peHHA MHKpockKona pu OK. 15 n 06. 40. Ilo cymmam Takux nmoscueros ompere- 
JIANOCh CPCHEe KOJMYECTBO OBOWHTOB JIA KaxKOrO ATHeHKa UM WIA KaxKOU 

_BospacTHow rpynnbt. TIlpomesr oBolwuTOB c HHTCHCHBHO OKPallMBarloullLuMHc A 


... ALPaMH BEMACIAICA M3 MoAcueTa 500 KmeTOK B KaxKOM AMYHUKE. 
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Pasmepbl Aep ycraHaBuluBauch B MUKPOHAaX NO. MAKPOCKONOM pH 06. 90) 
(uMMepcus) u OK. 7 u3 50 nogcueror B AWYHUKAX KaxKOH ocodu. 

B pesyaptate uccneqopannii sWuHHKOR yCTaHOBJIeHO, 4TO BEC H OOBEM Ux 
Ha H€KOTOPbIX TIPOMeKYTOUHBIX CTANNAX OKa3bIBaJICA MCHDbIUMM, YeM Ha Mpemuuie- 
CTBYIOULMX MW NWocwefyiouux: Halpumep, c 58 no 89 qHeilj yTpoOHoro pasBHTHsA 
Hc 2,5 no 5 mec. nocneytpo6xHoro. SuuHuKn y ATHAT 2,5 Mec. uMelM cpexHuii 
BeC 557 Mr, a 06bem 906 mm*; y 5-mecaunpix 382 1 672, cootBercerBeHHo. Marepna- 
bl HaulMx HCC€OBaHHH NOKasaJiH, YTO BEC AHUHHKOB He Bcerna IIponopmtHoHa- 
JI€H BeCY OPplaHu3Ma, KOTOPbIi C BO3paCTOM HeyKJIOHHO MoBpMaeTcs. 

Bonokuucrasa OOOOUKAa AHYHHKOB NOcNe PpoxkKLeHUA OKaganach bomee yTOul- 
ULeHHOH. YTOMMeHHe MpovcxoguNO ene B yTPOOHOM Pa3sBuTHH HW MposouxKaJlocb 
10 NOJIOBOrO CospeBaHHA. KouTypupoBasach BONOKHUCTad OOoN0UKa B AMUHHKAX 
69-HEBHBIX MNIOMOB, KOa TONMLMHA ee cocTaB- 


Janta 14,1 u. B 132 nua ona yocruraer 1S a ss 
K poxeHuIo 28,3». Tlocne poxyenua svor mpo- \ 
mecc mpotTekaJI eme HHTeHCHBHee. B suuHuKax | \ 
ATHAT 2,5 M€C. BOMOKHUCTaA OO6oOO0UKa wMea bral \ 


TomuHHy 40,5 », BS mec. 53,9", 1 roga 67,1, 


1,5 ner 93,8p. B cuny stToro NOBepX HOCTHBIM ea — . J 
3auaTKOBbI 9SIINTeIMH =AMYHUKAa C BO3pacTOM hve fi ~~ 
OTOJBHraeTCA able OT KOPKOBOH 30HbI AHU- hvala i pes: 
HHKOB. BIS 3 Qt 
B MpOTHBONOOXKHOCTL BOJIOKHHCTOI O6ou10U- i eee ee 2: a 
Ke, TOJIMHHa KOPKOBOH 30HbI AHYHHKA C BO3- {oe S & 
PacTOM yMeHbUlaJlacb: B 69 2Heli yTpoOHOro pa3- 82S © = : 
BHTHA TOUMHHa ee Obiia 452, B 132 qua 221,11, gs “i 


ak AHIO poxyenua 197,9u. Ilocne poxyenna, 

K 2,5 Mec., OHA cocTaBasnna 147,7", Kk 5 mec’ Puc. 2. a—cpeguee KommuectBo 

204,9 »v. Tlocme natu Mecames ToulWHa ee uMea eee praia cae fy ee. 

ile, ees fost TIJIOMOB H Y HOBO- SCHED DYE RAE On pues 
peHH HHX KJICTOK C TCMHbIMH 

POXKMeCHHIX ATHAT (puc. la) B KOPKOBOH 30HE sxpamu, 6 — pa3Mepbl OBOUHTOB 

ObWIO OombUIoe KOHMYECTBO OBOWHTOB. B Kop- (B MAKpoHax) 

KOBOH 30H€ AHYHHKOB HOBOPOXKCHHbIX ATHAT 

B TOsle 3PpeCHHA MHKpocKoNa HX Gblo0 22, y 2,5-mecaunbix 4,4. B mocmegyto- 

WMX BO3PAaCTHBIX rpymax “HCO UX CuCcTeMaTHUeCKH CHHxKaOCb. K 1,5 rogam 

KOJIMY€CTBO OBOIWHTOB yMeHbinMocb B 18,3 pa3a M0 CpaBHeHHI0 C HOBOPOKen- 

HBIMH. 

K 2,5 mec. Hapsayly c MaweHueM KOJIMYECTBA OBOLMTOB CHH2KaJIMCb H UX Pas- 
mMepbI. Tak, y HOBOPOXKCHHBIX SPHAT CpeHHH PpasMep OBOIHTOB HMEJI DA Rad Oo 
B 2,5 mec. 17,8 uv. B Oonee nosqHux BOSpacTHbIX rpynmax KoOeOaHHA PasMepoB 
OBOILHTOB’ CTAHOBHJIHCb He€3HAUHTCJIbHbIMH. 

PasMep sep B OBOWMTaX MOCcIe PORKMEHHA SHAYHTCbHO CHM2KAJICH. IIpu 
poxkleHun on Obit 13,8, a y 2,5-mecauubix sruat 6,8 te 

OcHoBHad Macca OBOIHTOB, HaXOJAULHXCA B KOPKOBOM 30H AHYHHKA, UMA 
KpyIHble Apa CBeETMOH OKPaCKH C BKJIOYCHHEM XPOMATHHOBPIX 3J1€MCHTOB, 
6onee TEMHO OKPalIMBaIOUlLUXCA PeMaTOKCHJIHHOM 10 Kappauyu. Hapsgy c 3THM 
B KOPKOBOM 30H€ AHYHHKOB Y ATHAT BCEX HCCIeLOBaHHbIX BO3pacTOB HaOvw0ja- 
JOCb HaIWINe OMpeeMeHHOTO KOMHYCCTBA OBOWHTOB C HHTCHCHBHO OKpalluBa- 
FOLMMUCA ApaMu. Take OBOILHTHI P€3KO BbILEAIHCh Ha o6uleM ps (puce. | 6). 
Hix mpomert Mo BospacTHbIM rpylnaM 3Ha4HTebHO pei sc E aK, eS 
KaX HOBOPOXKeCHHbIX ATHAT OHH COCTABJI AIH 12,5%; y 2,5-mMeca THBIX 8%, J 
5-mecsunpix 18,1%. Camoe 6ombul0e KOJIHYCCTBO OBOWNTOB C TEMHBIMH ApaMu 
6bulo B AMUHUKaX 2,5-MeCAUHBIX ATHAT. Bomee mofpoOuoe usyyenne sep TaKUX 
OBOMMTOB yOeHIO Hac B TOM, UTO 9TO MOJIOAbIC MONOBIC KCTKH. B 9ToM »%*e 
BO3PAaCTe YCTAHOBJICHO SHAYHTEJIbHOC CHHDKEHHE PaSMEPOB OBOILHMTOB, YTO MO«Ker 
CIYXKUTb KOCBCHHbIM OKA3aT@IbCTBOM HaJIM4NA B ANYHUKAX 3TOrO BOspacta 


6oONbWOFO MpOMeHTa MOJIO[LIX PasBHBAaIOULUXCA KETOK (puc. 2). 
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OsounTb! KOPKOBOM 3O0HbI AMYHMKOB MWIOAOB HM ATHAT MMM BUA KPYNHbIX 
KJI€TOK, OKPY2XKCHHBIX IWIOCKHM amuTeMHeM (puc. | a). Takoli Buy, OHM COxpaHsIK 
BCe BPeMsi, CCIM OCTABaJIHCb B KOPKOBOH 30HE. Uactb u3 HUX 4epes ONpeseseH- 
Hubli MepHog ruOna. J[pyrad yacTb, MoNayad B CocyMCTYy!0 30Hy, PasBUBalach 
B IIpHMopAalbHble PomIuKybI. B sTOM cAy4ae MOJOBEIC KCTKM TPHHMMasH 
KpyHHble pasMepbl, a SINTeMH, OKPy2KAalOWMH OBOUMT, 3 MTOCKOPO mpeppa- 
majica B KyOuyecKult (puc. | @). KyOuueckuli smHTeMMM ABJIAJICA OTJIMYHTEb- 
HBIM IpH3HaKOM MPHMOPHaIbHOrO POMIAKYJia B CPaBHeHHH C OBOIMNTOM. O6pa- 
30BaBIUHeCH KYOMUeCKHE KJIETKM STIMTeIMA pH OypHOM AeeHHH cbopMupylor 
MHOPOPALHbI (pOsMKYIApHOW STMTeIMH, B KOTOPOM TO031Hee oOpasyetcsa Mo- 
nlocTh (owukysa. TakuM WyTeM MpoucxoquT opMHpOBaHHe KPYIHBIX Tpa- 
aoBbIx ouukynoB (puc. | 2), BHYTPH KOTOPbIX CO3PeCBaloT AMMCKMETKH C 
XapaKTePHbIM APOM HM 30HOH MeJWIFOMM OH. 

MoWIMKYNbI C MOMOCThIO BCTPeYaJIHCb B AMYHAKAX HOBOPOMKCHHBIX ATHAT, 
HO OHM ObWIH MeJIKHMH, UaCTO HMCJIM BbITAHYTYIO WIM HelMpaBHJIbHOOKPyrJlyto 
bopmy. Y 2,5-mecs unix srHaAT rpaaoBbl (PouWIMKYJIbI MMeIM OKpyTs1yi0 (opMy 
u Oonee KPYIHbIeC pasMepbl, KOTOpbIe BCe 2Ke He NpeBbillatu 5,8 MM, Torga 
Kak B 1,5-roqMuHOM BospacTe OHM JocTurau 8,5 MM. 

B snunuKkax ofHoro u3 wectu 2,5-MeCHUHbIX ATHAT OblIO OOHAPy2KeHO XKel- 
TOE TEO, YKA3bIBAIONee Ha COBEPLIMBLIyIOCA OBYJIALLMIO; pasMep eTo Obl JIMLUib 
3,3 mM. )KeTble Tela B3POCJIbIX XKHBOTHBIX MMeIOT Oolee KPYNHble PasMepbI: 
B amuHHKax 1,5-roqHuHbIX ATHAT OHM WocTuraioT 12,5 MM. 


VWxerntyT MopiouiorHu = %KABOTHbIX IloctynHao 


um. A. H. Cepepitospa 9 X 1958 
Axkajlemuu HayK CCCP 


UWMTHPOBAHHAH JIMTEPATYPA 


LA. Tl. Crynzeunos, Bopb6a c GecnaoqHem ceIbCKOXO3AHCTBEHHBIX 2XHBOTHEIX, 1948; 


JiMarHocTuKa OepeMeHHOCT H OeciOLHA CebCKOXO3AHCTBCHHBIX 2KHBOTHBIX, 1950. 
2E. W.C mupuosa, CpapyutembHad XapakTepHcTHKa HOpMaJIbHOrO H aHOBYJATOPHO"O NoJIo- 
BhIX WHKIoB, M., 1950. 3JI. @®. JIiutTauHosa, Tp. Wxcr. *uBoTHoBOr- 


ctpa, 3 (1954). *E. ® TlomuKxapnosa, Tp. Mucr. mopton. xHpoTH. um. A. H. Ce- 
peptiopa AH CCCP, s. 4 (1951); JAH, 109, Ne 4 (1956). * A. HW. JIonu pu 4, Tossme- 
HHe IIJIOJOBMTOcTH opel, H KO3, 1953. © A. A. AN uxauHos, Tp. Mucr. xuBoTHOBO,CTBAa 
Flarecranck. bun. AH CCCP, 3 (1956). *G. Sainmont, Arch. Biol., 22 (1906—1907). 
°H. Winiwarter, G.Sainmont, Arch: Biol.) (247 (1909). 3 Wee ene 
Handb. d. Entwicklunggesch. d. Menschen, 2, 1911. 2° M. Lucien, H. Verme- 
lin, L’oeuf humain et ses annexes, Paris, 1938. 4H. Sauramo, Acte Obstetr. et 
Gynecol. Scand., 33, 2 (1954). ™%H. Arai, Am. J. Anat., 27 (1920). ™ Ha Bveawms: 
O. Swezy, J. Morphol. and Physiol., 48 (1930). 140. E. Arefiaeuxko, Ocuospi 
BO3pacTHOH Mopdosornv, 1933. 1° B. Tr. IltredxKo, Bsezenue gp anaTomMo-6nomoruueckHe 
oco6enHocTu my6eptatHoro sospacta, 1933. 1H. ®. Kopoaes, Yu. san. Burte6ck. 
Ber. wucT., 7 (1940). 1? H. P. Wapanxkuu, Yen. copp. 6uon., 26 B. 1(4) (1948). 
%W. Burkl, Anat. Anz., 101, Erginzungsheft (1954); Zs. Zellforsch., 41, Ne 5 (1955). 


1170 


Jloknagn ArKkanzemun HayR- oC CCP 
1959. Tom 124, Ne 5 


PHSHOJIOTHA 


M. HW. E®AMOB 


METOA NOJIYYEHHHA TOJIEPAHTHOCTH K FOMOTPAHCTJIAHTATY 
Y PEWUMMMEHTA B TMOCTIMBPHOHAJIbBHOM MEPHOJIE * 
(IIpedcmaeaexo akademuxom JI. A. Op6eau 11 X 1958) 


IIpu paspaOorke mpo6jembt romonactHKH HaMH TosyueHbI WaHHbIe, c He- 
COMHCHHOCTHIO CBHJICTEJIbCTBYIOUIMe O TOM, YTO HEBOCIPMHMYMBOCTh PeIMIHeH- 
Ta K TOMOTpaHCilaHTaTy MOXKET ObITh BbIpaxkeHa B Pa3sJIMUHOl cTeneHH. Tak, 
4eM OJIMKE POJCTBCHHbIC OTHOWEHHA MEXKLY JOHOPOM M peLMMNeHTOM, Tem cala- 
Oce BbIpaxkeHa HEBOCIIPHHMYMBOCTL pelluMueHTa K roMoTpaHcruiaHtaty. C yBe- 
JIMUCHHEM BO3pacTa pellMMMeHTa y HerO YCHIMBaeTCA HEBOCIPHHMUHBOCTL 
K TOMOTpaHCliaHTaTy. Cremedb HEBOCIIPHHMUMBOCTH PeWHMMeHTa K TOMOTpaHC- 
MJlanTaTy HaXOQUMTCHA TakxKe B OOMbIUNOM 3ABHCMMOCTH OT XapakTepa Mepecaxku- 
BaeMOH TKaHH. B HatiMx onbirax HanOonbiiad aHTMreHHaA Cua Obula OOHapy- 
2KeHa y KOK, HaHMeHbilad — y AWYHHKAa. CpemqHee MOOxeHHe B 3TOM OTHO- 
WeHHH 3aHHMaeT Mepudepuueckul HepB. 

O cuuie HEBOCIPHHMUMBOCTH PeIMIMeHTa B TOMOTPaHCMaHTaTy Mbl CyHM 
0 TOMY, KaKHMH IlyTHMH HaM yj\alocb ee peosouerTb. Tak, B mpollecce pa6orbl 
MbI BCTPeTHJIHCb CO C1aOOH CTeMeHbIO HEBOCIPHHMUYMBOCTH PellHMHeHTa K TOMO- 
TpaucnuautTaty. B sto rpynme nepecaqok HCTHHHOe NpPHxKUBJIeHHe HaMH ObLIO 
Nosy4enoO 6e3 cnelwasIbHOrO BO3seHCTBHA Ha PeCWHMMeHT WH TOMOTPaHcMlaHta¢r. 
Tako pe3yibTaT HaMuM Obl MOMyYeH pH Mepecayke AMYHHKOB y Kppic (’, §). 
Ilpapaa, pu mepecankKax y KPbIC, JWIMTeMbHO Pa3MHO2KaBLINXCA B Y3KOM KPy- 
Ty, pesymbTaT ObWI 3HAaUNTe/IbHO JIyulle, YEM Y KPbIC, B3ATbIX M3 Pa3SHbIX 
NMTOMHNKOB. McruHHoe npyxKHBseHve KOU y Kppic (°,1*) HaOmORaOcb MUIb 
TipH BHYTPHCeMeHHbIX NepecayKax. PesylbTaT Obl 3HaUHTeIbHO JIyye pH 
mlepecaqKax KOXKHM OT HOBOPOXKJCHHbIX K MaTepH, YeM IIpH MepecayKax Mex)ly 
KPbICATAMH OJHOrO H TOFO %e FHesfa. 

Takum oOOpa3om, IyTeM MofOopa MoHopa H PellMNMelTa Np HeKOTOPbIX 
Bulax mepecaloK MOXKHO HOYYHTb ClaOy!O CTeMeHb HEBOCIPHHMYHBOCTH Ppe- 
IMMMeHTAa UH, KaK CJIEACTBHE 3TOFO, HCTHHHOE IIPH2XKHBJICHHe FOMOTPaHClaHTata. 

OZHOBPeMeHHO C 9THM MBI CTOJIKHYJMCb C HEBOCIPHMMYMBOCTHIO PeIMITHeH- 
Ta K FOMOTPaHCIaHTaTy, BbIpaxKeHHOM B CpeqHen crenenn. B aHHol rpynme 
Mepecaok HCTHHHOe MpHW2KUBJeHHe TOMOTPaHCMNanTata HaOOLalOCb TOKO 
B TeX C€PUAX OMNbITOB, B KOTOPbIX y PeWMMMeHTa Oblia CHACHA PCAaKTHBHOCTb 
IYTCM M@MKaMCHTOSHOTO CHa, a HHOFa AONOMHUTeIbHO H runoTepMueH. Bpiio 
MOJIYYCHO HCTHHHOE MI PHXKUBJICHHE nepudepHxeckoro HepBa pH roMolacTHKe 
Y KPOJIMKOB, B3ATHIX H3 Pa3HbIX MHTOMHHKOB (7,°). IIpu romonsjacruyeckux 
MepecalkaX KOKH HaMu Obl MOsYyYeHbI XOPOWIMe Pe3YJIbTATHI JIMLIb Ha MOJIO- 
I\bIX 2KMBOTHbIX, HM TO TOJIbKO B TOM CJly¥ae, KOra AOHOP H PellMMHeHT NpHHae- 
*KaM K OHO rpymne KpbIC, AMHTebHO PaSMHOXABIUNXCA B y3KOM KPpyTy 
, a ay) 

Vitax, nyTem nogOopa JoHopa uM PelHNHeHTa MOXKHO MOJIYYHTh CPeHIOIO 
CTeIeHb HeBOCIPHHMYMBOCTH pel\HNHeHTa K TOMOTPaHCIviaHTaTy, KOTOPyio 
MOXKHO IIpeooseTh yTeM Bae inies agence pellumHeHTa HCKYCCTBeH- 

CTONMepallHOHHOM NepHoze. 
rte ea cferioun ReRoe TH tNIBOC pellumMeHTa K TOMOTPaHClaHTaTy Ha- 
Mu Obwia OOHapy2KeHa Mpu mMepecayKax KOK MCX y KPbICAMH, B3ATBIMH HS 


ae ae ylonoxena Ha I BcecowsHoit KonbepeHiuu Mo MepecayKe TkaHeH H OpraHoB 


5 mekaOpaA 1957 r. 
5 jeka6pa 1474 


Pa3JIMUHbIX MHTOMHHKOB, MIpHueM CTeMeHb 3TOH HEBOCIPHHMMYMBOCTH Hapactasa. 
C yBeIM4eHHeM BO3pacTa OpraHHsMa. IIpumenenue Me/{HKaMCHTO3HOrO CHa B. 
pag/MUHbIX BapHalluAxX IPH 9THX Mepeca{Kkax He Taso 2kCTACMPIX pe3yJIbTaTOB. 
TIpu ucnompsopannu “yxKepowHoro OelKa C Weblo BPeMeHHOTO MOaBueHHA 
UMMYHHOM PeaKTHBHOCTH pelMMMeHTa MbIl HaOs0falM UCTHHHOC 1 PWKUBI CHE 
roMOTPaHClWaHTaTa, HO OHO HacTyMaIo OUCHb PeAKO, Kak HCKMOVeHHe hme 

PaOorst a6opatopult M. Tamexa (*) u II. Megapopa (1°) Han nowyyeHHeM 
UCKYCCTBCHHOM TONepaHTHOCTH K TOMOTPaHCIWaHTaTy BHECJIM HEKOTOPYIO AC- 
HOCTb B M€XAHH3M MpPeOMOJICHHA HEBOCIPHUMYMBOCTH PClHMMeHTa K TOMOTPaHC- 
nuiaHtaty. B cepuu paOor, BbIlequIMx 43 UX MadopaTopHH, ObwIO yCTAHOBJICHO, 
uTO BBeMeHHe SMOPHOHY WIM HOBOPO*eHHOMy (pellunMeHTy) OeKa MIM Tka- 
Heli Jpyroro opraHu3ma (AoHOpa) sTOro 2%Ke Bua MIPHBOLMT K BbIpPaOoTKe y pellu- 
HWeHTa COCTOAHHA TOJePpaHTHOCTH BO B3POCIOM COCTOAHMM K OeIKy HM TKaHAM 
joHopa. E 

Ilpupexenuple (bakTbI atoT BO3MOXKHOCTbh NOAOKTH K PaCKPbITHIO M€XaHH3Ma 
NpeOMOICHUA HeBOCIPHHMUMBOCTH PellMIHeHTa K TOMOTPaHCIIaHTaTy MPH HC- 
MOb3OBAHHH MCAHKAMCHTO3HOPO CHa HM PHMOTEPMHH B MIPHBECHHbIX BbILe HallMx 
oubirax. Bpi3biBad MeHKaMeHTO3SHbIM COH, a HHOra MH PHNOTepMHlo y PellMMHeH- 
Ta B TlOCeOMepalNOHHbIit MepHOL, MbI BPCMCHHO HCKYCCTBEHHO CHWKAeM HJM 
MOaBJIAeCM CTO HMMYHHY10 Pe€aKTHBHOCTb H TEM CaMBbIM [epeBOAHM eFo B apeak- 
TUBHOe COCTOAHHE, T. €. TAKOE COCTOAHHE, B KOTOPOM OH €CTECTBEHHO HaXOJHT- 
Csi B 2MOpHOHaIbHOM MepvHose. Berk roMOTpaHCianTaTa B 9TOT MepHoy Teii- 
CTBYIOT Ha HMMYHHYIO CHCTeMy pelHMHeHTa, B pesyJIbTaTe vero y NoceqHero 
BbIPaOaTHIBACICA TOMePAaHTHOCTb MO OTHOLWICHHIO K NepecaxKeHHOMy TOMOTPaHC- 
WvlaHtaty. 

BpicKa3aHHoe MpesMomoxwKeHue MOXET ObITb MOABEPrHyTO CMelWHabHOM ]O- 
NOMHUTEIbHOH mpoBepKe. Ec u310%KeHHBIM BbILIe XO paccyxXJeHHH OTparka- 
eT p€aJIbHY!O JeCHCTBHTEIbHOCTb, TO YCHJIHBaA BPCMeCHHOe HCKYCCTBEHHOE MOHH- 
*KCHHe PCAKTHBHOCTH PellHIMMEHTA HM YCHJIMBad B ITO BPeMA WelicTBHe Seika JOHO- 
pa Ha HMMYyHHy!0 CHCTeMy PeLHMHeHTAa, MbI JOJIKHbI MOYYHTb TOJepaHTHOCTb 
pelumuenta K TKaHAM JOHOpa. Ji pyrMMH CJIOBaMH, MbI MOKEM BOCIIPOH3Be- 
CTH OMBbITbI MO MOJYYeHHIO TOJIEpaHTHOCTH y B3pOCOrO pellWMHeHTa K TKAHAM 
Wonopa, MorpyxXasA MocseqHHuH BO BPCMeHHYIO HCKYCCTBCHHYIO apeCaKTHBHOCTb. 
IIpu moOxKUTeIbHOM UCXOe MPOBEPOUHDIX OMbITOB MBI MOJIYYHM B CBOe pacmops- 
*KeHHe HaHOoslee MePCMeKTHBHbIM MeTOL MpeoROeHHA HEBOCIPHHMUYHBOCTH 
pellumMeHTa K romoTpancisantaty. [Ip KOHKpeTHOH MOCTaHOBKe MPpOBepoOuHEIX 
ONbITOB MOXKHO CO8aBaTb 3HaYHTeIbHOe UNCIO BapHaHTOB — KaK B OTHOLI€HHH 
NOJYYCHHA Y PelMMMHeHTa ape€aKTHBHOTO COCTOAHHA, TaK MH B OTHOLICHHH BBee- 
HHA OeIKa WIM TKaHeH JOHOpa K pellunuMeHTy. 

ITpecneny a MOCTaBJICHHY!O IeJIb, Mbl MPOBeIH HE€CKOJIbKO pa3BeOUHbIX 
C€PHH ONbITOB C HEKOTOPbIMH BapHalluaMH. Bo Bcex OMbITaX B Ka¥eCTBE MONOMNbIT- 
HbIX JKMBOTHBIX HAMM ObWIM B3sITbI KPbICbI B BOspacTe oT 3 mec. oO 2 mer. 
B 9TOM BospacTe y KPbIC MMeeTCH HauBbICHad CTeMeHb HeBOCIPHHMYHBOCTH 
Pel\uNMeHTa K TOMOTpaHciiaHTaTy. B KayecTBe JoHOpa Ob B3ATbI KPbICbI B 
Bospacre 3—4 Heyenb. ApeakTHBHOCTbh PeLHMWeHTAa BHISbIBaAaCb MyTeM Movy- 
YeHHA y PeWMNMeHTa M€JMKAMeHTOSHOrO CHa uw runOTepMuH. MequKaMeHTosHblit 
COH y NOMOMBbITHBIX KPbIC NOyYaJICA MyTeM BBeeHHA HM NOM KOxy pacTBopa 
yperana us pacueta 0,8 r Ha | Kr xuporo Beca. TunorepMus co3qaBaslacb BHY- 
TPHMPIMICYHBIMH HHBEKIMAMH KPbICaM PacTBOpa NeHTaMUHa u3 pacuerta 0,05 r/xr. 
IIpn ofHOBpeMeHHOM BBeeHHH ypeTaHa u neHTamuHa Temiepatypa Tela y 
HL ae ee CHWKaach WO 26—28° yw MeMKaMEHTOSHbILi COH MICA 

- Kpbicbl H Ha 2 JeHb Mocme HHbEKIMH ObWIM BAJIbIMH. 

MeiMKaMeHTOSHBI COH M PHNOTepMUA BbISbIBAHCh y pellunuenta 2—3 pa- 
auertiae soe ee Mocle ONepallMu, B TEUCHHe MepBbIX 3 Heeb, 
Rat inciad aee spies palluu “alle, 4¥eM B Nocexyrouue. IIpu Haxox- 
AOHOPa C LebIO BHIPAOOTKU  TODBOTO Teceba te ae 

y Ne€pBoro TOMepaHTHOCTH MO OTHOWeHHIO TKaHel 


I] 
meets? Pactsop Oenka AOHOPa TOTOBHJICA B ONPeMeNeCHHOM MOCeLOBAaTe/Ib- 
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HOCTH: €PO MapCHXUMATO3HbIe OpraHbl H MOST pacTHpPaJIUcb B CTYMKe, ¥ K Mowy- 
4€HHOH Macce JoOaBiaoch 7—10 cm*® cdu3snonoruuecKoro pacTBopa; B3BeCb 
TOMEILaJ1aCb B XOJOAMJIBHUK Ha CyTKH. Bepxuuit mpospayupili orcroi ynorpeOus1J1- 
CA WIA UHbEKUMH. OH BBOAMICH NOXOMBITHEIM KpbICaM Ba pa3a To 2—3 cm”. 
Koka AOHOpa B TeyveHue 2—3 He XpaHuacb B XOOMMIbHUKe pu Temmepaty- 
pe 4°. Onepauusa no nepecayKe KoxH OHOpa K pellumuenty mpoxoquma cepy- 
FOWNMM OOpasoM: y pellMMMeHTa KOxKa CIMHbI H VaCTHUHO OOKOBBIX MOBepX HOCTEH 
yAalalach, Ha PaHeBy!O NOBEPXHOCTbh NepacaxKuBalaCb KOXKA KUBOTA PellH- 
IHeHTAa. 

B I cepuu onpiros y 2 us 4 Kppic Tpancnantat HaxoUTCA B XOPOLIeM CO- 
CTOAHHM WH B HacTosimee Bpema. Ilo xapaxtepy pasBuTHA Ha HeM IepcTH OH 
HMEET OTYCTIMBbIe PPpaHubl C KOMKeH XO3AHHA. Co THA ONepallun mpouwio 94 WHA. 
Bo II cepuu onsiros y 4 us 13 Kppic Tpancnamantat jan npwxuBenue. Kppicl 
HaxOMATCA Nod HaOo,eHnem 74 WHA. B III cepuu onpiros y 6 u3 1! Kpeic Ha- 
CTYNMIO MpPHKUBIeHHe TpaHcmanTara. Co WHA onepaltun mpouwo 35 Hell. 
Sa KpbICaMH C MPWKMBUIMMU TpancnianTaramn BeeTca jabHelimee Habm10- 
Jenne. 

TlonyueHHble pesyibTaTbl pasBeAOUHbIX Cepuli OMITOB, B KOTOPEIX mpnG6uu- 
3uTebHO y 50% MOJOMbITHEIX 2KHBOTHBIX HaCTYMHO MpMxKMBeHHe TOMO- 
TpaHCMaHTaTa, MOXHO CUHTATb CPaBHHTeIbHO XOPOUIMMH, CCIM Mbl TIpHMem 
BO BHHMaHHe, YTO B KOHTPOJIbHbIX ONbITaX BCe TPaHCiMaHTaTbl WorHu6aroT B 
Teyenne nepBbix 10 He nocme mepecayKn. 

TlonoxuTeibHbIi UCXOX MpOBeAeHHbIX OMbITOB NOATBEPKLaeT MPaBHJIbHOCTS 
BbIABHHYTOFO MHOIO BbILIe OObACHCHHA MeXaHH3Ma WCTHHHOrO MproKUBJIeHHA 
TOMOTPaHCNanTaTa Mp HCNOMb3OBAaHHH MeMKaMeHTO3HOTO CHa. B To xe Ca- 
MOE BPeMA 9TH JaAHHbIC CBUETEIbCTBYIOT O MPaBHJIbHOCTH BbIOpaHHOrO MHO!IO 
NYTH WIM MeTOJa MpeOOJICHHA HEBOCIPHHMUMBOCTH PelMHIHeHTa K TOMOTPaHC- 
MlaHTaTy, H B CBA3H C 9THM OT HEFO MOXHO O*KUMaTh elle JIYULINX Pes yJIbTaTOB 
IPH J\aJIbHeHWIeM ero COBepIIeHCTBOBaHHH. 

B MOMHOM COOTBETCTBHH C HalliMMH Haxoyatca Janupe IO. IO. Tpexntuna 
(4, 15). B ero paOorax HCKyCCTBeHHad apeaKTHBHOCTb B3pocioro opraHH3ma 
BbIZbIBalaCb CMePTeJIbHOH OZOH peHTreHoBcKoro oOyueHua. Ilocmenxyroulan 
TpaHCMaHTauMA TkKaHeH Ceme3eHKuH Oyyulero AoHOpa MpHBoLua OprakH3M 
K TOJI€CpaHTHOCTH TO OTHOWICHHIO KOXKH JOHnOpa. 

IIpHmMeHeHublii HaMH MeTOM HMeeT HE TOJIbKO TeOpeTHYeCKHH MHTepec: Npu 
JlasIbHeHeH paspaOoTKe OH MOxeT ObITb HCHOJIb3OBaH B KJIMHHKE. 

Virax, nmytem nogOopa Aonopa M pellHMHeHTa Mbl MOXEM NOMyUHTb craby1, 
CPeHIOIO HM CHbHY!O CTEMeHH HeBOCIPHHMUMBOCTH PelluNMeHTa K WoHopy. asa 
MNOJYYCHHA HCTHHHOPO IIPHXKUBJICHHA TOMOTPaHCIaHTaTa HeOOXOMMO TIpHMe- 
HATb MeTOJbI B COOTBETCTBHH CO CTEMeHbIO. HEBOCIIPHHMUMBOCTH PellHMMeHTA 
K FOMOTpaHcnaHTaTy: pH c1aOol CTeMeHH MOXKHO BO3epHKaTSCA OT MOMOHU- 
TCJIbHbIX BO3JeCHCTBHM Ha pelluMHeHT H TOMOTPaHCMIaHTaT; MpH cpeHen crTere- 
HH TOMOMNIacTHKy HeOOXOXHMO TIpOBOLMTb Ha POHE NOHH2KEHHOH PeakTHBHOCTH 
pellMMHeHTAa, B YACTHOCTH, MeJ(HKaMEHTO3HDIM CHOM; IPH CHAbHOH cTemeHH HeOO- 
XONMMO BOCHOb30BaTbCA MeTOJOM MOYYeHHA TOepaHTHOCTH pelHMHeHTa K 
TKaHAM JOHOpa MyTeM BosselcTBUA O€MKOM Ha OpraHu3M Pel{HIIMeHTa, HaXOMA- 
ULeroca B COCTOAHHM BPCMeCHHOH HCKYCCTBEHHON apeakTHBHOCTH. 

KuprusckHii rocyapcTBeHHBIH 

MeJJMUHMHCKHH WHCTHTYT 
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PH3BHOJOL HA 


T. A. WJISXTEP 


H3MEHEHME BO3BYMMOCTH CEJAJIMLJHOrO HEPBA KPBbICbI 
NOCJIE ErO MEPEPE3SKH 


(ITpedemaeaeno axademuxom E, H. [asaoeckum 17 X 1958) 


@MusuonorMyecKne H3MeCHCHHA HepBa pH ero WerenepalluH aBHO ABJIAIOTCA 
mpeqmMetom uccyieqopaHna. B uacTHOCTH, H3MeHeHHIO BO3OyAMMOCTH HepBa 
Mocme mepepe3KH NO NoKasaTeiaM peoOasbl HM XPOHAKCHH MOCBSALNCHbI padorsi 
Anocronaxu u Jlepuo (%), Tono6yta u Auosoro (’), Byma u Konnxosa (’), 
CxpupeKoli (°) nm Ap. Srv aBropbl HaOsiofaiM B Mpolecce MereHepalluu HepBa 
3HAYUTEIbHOe YBEIHYeHUe PeoOa3bl; H3MCHCHHA XPOHAKCHH OblIM MeHee OrIpe- 
JIeNCHHbI H HaCTyMaJiM M032%Ke H3MeHeHHH peodasbl. 

Bomee jeTaibHO BOSOyHMOCTb MepepesaHHOrO HepBa Oblla HCCIeLOBaHa 
Posen6mr0oTom u Jiemmen (’), KoTOpble NMOMHMO peoOa3bl HW BPeCMeHHOFO M0Ka3a- 


Tena K (K = —— Chr) H3y4aJH BCIO KPHBY1O HallpaAxKeHHe — BPeMA IIpH Mepe- 


peske CeflasIHILHOrO HeEpBa KOWIKH H CpaBHUBaJIH e€€ C KPHBOM MapHOro HHTAaKT- 
Horo HepBa. Ilo ux JjaHHbIM, KpH- 
Bad HallpxxKeHHe — BpemsA Jere- 
HepHpyloulero HepBa cMellaeTca 
BBepX H BMpaBO NO CpaBHeHHO C 
KPHBOH llapHOoro HepBa, T. e. Ha- 
OroaeTCA CHHXKeHHE BO3OYHMO- 
CTH NO BCeH WiKasle JWIMTeIbHOCTH 
pasqpaxkeHua. 
Hactosujaa pa6ota nmocpsase- 
Ha HCCI€OBaHHIO BO3OyHMOCTH 
nepHepnyeckoro oTpe3sKa HepBa 
moce ero Tepepe3KH Ha OCHOBa- 
leper HHH H3MepeHHA BCeH KPHBOH Ha- 
lips2keHHe — Bpema. B oranyune 


Puc. |. W3menenne Kpupoli HanpsxKeHHe — BpeMA = OT padorTbi Po3eH6u10Ta H Jlemncu, 
B Mpowecce erenepannu CeaHUHOrO HepBa KPpbI- y ies 
Cbl B PaSHbIe€ CPpOKM Mocwe mepepesku: J — yepes ce geen fe 

J uac, 2—65 uac., 3—12 uac., 4—24 uaca, BPEMA MCCIeMOBaICA He WIA O]- 


5 — 36 uac. HOrO CpOKa, a B Pa3JIMUHbIe Cpo- 
KH Mlocyle Mepepe3sKH HepBa. 

OnbITbI NPOBOAMIHCh Ha CelasMULHOM HepBe SemOii KPBICEI. Heps nepepesau- 
CA NO SPHpHbIM HapKOsoM, Hoce 4ero pana Ha Oenpe sallimBaach Kpbica 
comepxKalacb B OObIUHBIX JWI Hee ycnosuax. Mecneqopanne BO30yJIMMOCTH 
NPOM3BOAMIOCb Yepes 1, 5, 12, 24 w 36 uac. nocme nepepesKu HepBa B OCTPOM OMIbI- 
Te NOM HapKO30M. 3a UCXOMHbIi NPHHHMaJICA ypOBeHb BO3s6yAUMOCTH, H3MepeH- 
HbIH Wepes | uac moce mepepesku HepBa (KOHTPOIb), TaK Kak HemocpesCTBeHHO 
TOCI€ MepepeskKH BO3OYAUMOCTbh P€3KO H3MEHACTCH BCEICTBHE OTIeCHUA Hep- 
Ba OT WeHTPOB H JMU Yepes 30—40 muH. BOsBpalllaeTca kK HOpMe (*). Pasapaxe- 
HHE OCYINCCTBIANOCh PaspsAKAMH KOHJeHCATOPOB 10 cxeme, II pe 10K eCHHOH 


Hacoxosbim uv Posenrab (2); paccrosnne M@XKILy dIeKTpOaMu Obwio 10—12 mm. 
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{annie onbiros mpeycrapuenni Ha puc. 1, u3 koroporo cenyer, YTO KpuBas 
HallpAKCHHE — BPeMA B Mpolecce LereHepaluu HepBa caBHraercs BIIPaBo ui 
BBEpX Ha BCCM CBOCM MpOTAKeHHH. ITO roBopuT oO ToM, uTO BO3O0YHMOCTb He- 
MPe€PbIBHO CHHXKAeTCA AIA CTHMYJIOB pasHUHOL AIUTeMbHOCTH. 

Kpome u3y4enusa KpuBoit Hallps2KCHHE — BPeMA B padoTe ObIO MpoBeseHO 
HCCICHOBAHHE HSMCHEHHA B NWpowecce JereHepalun wepBa ero XpoHaKcuH H 


KOHCTaHT BO3OyyuMOcTH a, b un v3 tbopmyvibt Haconopa nu Poseutanb (): 
a 


U ret (rae v — HanpsxKeune, ¢—Bpema jelicTBHA ToKa). 
Moctosnnas a OMpeneiAeTcA MpoOusBeeHueM mMoporosoro HalpsxKeHuA 

Ha BpeMA ACHCTBUA PasparKeHuA B OOACTH WOCTaTOUHC KOPOTKHX JWIHTeMbHO- 

cTeH. Bo aHHbIxX onbirax wuTetbHOCTD pa3sqpaxenua Oblwia MOCTOAHHO! 

(0,1 mcek), mosTomy 06 y3MeHeEHHAX 

KOHCTAHTbI Q@ MOXKHO ObWIO CYAHTb 10% kucx gf 


H3MCHEHHIO = NOPOrOBOrO = HallpAxKeHHA 500 ae 
IIpH 9TOM WIMTebHOCTH. Koncrauta 6 — me 
NONTOCpouHad BO3OYMMOCTb HIM peo- eee 

6a3a — onpeyenserca Hanps2KeHueM, 29 De aes 
HeEOOXOJHMBIM JIA BbISOBa OTBETHOI ne 

peak pH MocraTouHo AWHTebHOM are _-* chr 
BPeMeHH PpaspaxkeHHA (B WaHHOM Cy- gg be2>--7 "~~~ ~~. <a 

yae 360 mcek). 7k = Ae 


XpouakcuaA onpeseiatach rpadu- 
yeCKH, JWIA “ero Hay, 3HayeHHeM 0 Ha 
OpAMHaTe OTKJaybiBasica NorapudM 2 uv Puc. 2. JInnamuxa a, b u Chr nepuepuuec- 
yepe3 sTy TOUKY MpoBosMach MpAMas, Oro oTpeska CeflaMUIHOrO HepBa KPBICBI B 
MapasebHad oc aOciucc, Jo mepece- ae eee Alans iad Aes) 

YeHHA C KPHBOM HalpaxeHHe — Bpema. 
SaTeM “3 TOUKH Mepeceyenua ONycKasicad NepneHANKyJIAp K OcH aOcuncc. Jlora- 
pucdM BpeMeHu Ha ocH aOcltncc B TOUKe MepeceyeHHA MociewqHeH C NepneHauNKy- 
JIAPOM paBeH JlOrapHdMy XpoOHaKCHH. 

M3yuenue WHaMHKH 9THX MOKa3saTeeH MO3SBOAeT aTb KOJIMUCCTBEHHYIO 
XapaKkTePHCTHKy H3MCHeHHAM BOSOyAMMOCTH MIpM NereHepaliun HepBa, a TaKxKe 
IIpescTaBuIAeT HHTepec B CBeETe KPHTHKH XPOHAKCHMETPHH, H3/IOX%KeHHOM B pado- 
Tax Haconosa u Poseutamb (?~*). 


Boema nocne nepepesku ——— 


Ta6Onauua 1 


Vismenenue KouctTant a, 6, n HW xpoHakcuH (Chr) B pasJIHYHbIe CpOKH Mocse Nepepesku 
ceaJIHU[HOrO HepBa KPbICbI 


a b Chr | 

Cpoku nocue Rene , 
mPqac. ae MB % B % MCeK of, 

4 AG 29+3 100 0,36-L0 , 04 100 0,060-+-0 ,005 100 | 1 

5 21 30-53 134 0,44+0,03 124 | 0,066-+0,007 | 110 | 1 

12 9 53-+6 182 0,50-+0 , 06 139 | 0,069+0,009 | 115 | 1 

24 2141 66-5 228 0,78-+0,11 216 | 0,059--0,007 98 | 0,99 

36 if 90-+8 310 1,16-+-0,06 322 | 0,083+0,005 | 138 } 0,88 


B ta6. 1 n wa puc. 2 npuBezenbi usmMenenus a, 5, n u Chr B mpomecce Jere- 
Hepaltuu Heppa. Ilocroanuple a u b B pasMYHbIe CPOKH Mocie Nepepe3ku HepBa 
MOCTeMeHHO YBeHUHBAaIOTCA, UTO FOBOPHT 06 o6uem ayeHHH Bo3sOy {HMOCTH 
lo Bceli KPHBOH HanpsxKeHHe — BPeMA JIA CTHMYJIOB Pa3JIHYHOH JVWIMTEWIb- 
HOCTH. ; 

Tak, yxxe uepes 5 yac. moce mepepesku a Ha 34%, a : Ha 24% mpespittaror 
: yac mocue mepepes- 
UCXOJHbIe 3HAUeHHA STHX BeMYHMH (U3MepeHHbIe aay ne pes 
Ku). Uepe3 12 vac. ata pasHulla LIA a BOspacTaeT HO 82%, a vepes 24 un 36 uac.— 
{4175 


{ 
a! 
no 126 un 210%, coorBercTBeHHO. B 3TH Ke CPOKH b ypenuunBaetca Ha 39, 116} 
H 222%. : 
-TlocroaHHad KPYTH3HbI 2 ocTaeTcaA MOUTH O€3 U3MeHeHHA H 61H3Ka K |. 
X poHakCHA MeCHAeTCA HE OLHOSHAYHO C H3MCHEHHEM KOHCTAHT @ Hi 6 (ra6n. 1, | 
puc. 2). Buauasie 0Ha HECKOJIbKO YBEMUMBAeTCA, 3ATEM BOSBPalllaeTCA K HCXON- 
HOMY YPOBHIO WM B JlaIbHeHWWeM BHOBb NORbIMaeTCA, HOCTHad K 36 vac. 38% 


a 
HPeCBbUNCHHA Haj, UCXOMHbIM 3HayveHHemM. H13 dopmy.ibI 0 a b camenyer, 


TO Cit 2 Tak Kak @ u 0 yBeMunBalOoTCA HEOLMHAKOBO, AHHAMHKa XPOH- 


aKCHH B pa3/IM4YHOe CpOKH Moce NepepeskH HepBa OTPaxKaeT He XO] NaleHus 
BosOyIMMOCTH, a OTHOWeHHe a Hu OD. 

Taku 06pa30M, XpoHaKcusl B 9TOM CJIy4ae, KaK H BO MHOPHX Apyrux (*), He 
MOXKET CJIYKUTb BPCMeHHOH XapakTepHCTHKOM CPyHKUMOHaIbHOrO COCTOAHHA 
HepBa. 


VincTHTyT WHTOJOrHH Ilocrynuso 
Axkajemun HayK CCCP 12 X 1958 
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